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L- -Mandelimiyioh/ydrin.^ 

By John Edwin Mackenzie. 

The amides of iiioriobasic organic acids are generally represented as 
lia¥ing tlie coiistikition , R-CO-NH^. "To the isomeric ' formtila,, 
R*C(OH)IN.H, the name iminohydrin has been a23plied and a large 

’** .Note by James Walkee. — T he . ckcamstance thatv the, imlnoliydriiia 
are good cob doctors of electricity and are at the same time practically 
ixeutral ’ in aqueous solution renders these substances of great interest 
from the point of view of the theory of amxkioterie electrolytes (Pfoc. 
Eoy. Soc,:, 1904, 73 , 15^:;- 74 , 271). Some' years . ago ; 1 ; accordingly, 
prepared glycoiliminohydrin and lactiminohydrin in a state of 
and' investigated some of their . physico-chemical j>^‘<^P®^ties- . , ' Prom 
.measurements of the .degree .of hydrolysis of .glycoiliminohydrin: hydro - 
chloridci by the . methods of methyl acetate catalys.is and , of ' electromotive 
force, it appeared that in isT/S-solution the 'salt was hydrolysed to .the' extent 
of .about 50' p'er cent. . The degree of hydrolysis of the sodium salt of glycoll- 
i.minohydrm, judged from its electrical conductivlly, was at the same con- 
'■centration^ also about 50 .per cent.'- The-'resiilts 'withdactiminohydrin were 
similar. Prom these determinations it was .possible to calculate' the molecular 
conductivity, of the immo.hydrins themselves' by 'means of the .theory , of 
amphoteric electrolytes. , . ' The calculated value ■ ' indicated ■ ' that'' 'the im.ino- , 
hydrins 'should be . very feeble' conductors of electricity, and , bore xio sort '.of 
relationship to the conductivity actually obse'rved, which' if high and roughly"" 
.that , of a salt. '' , ' ' 

The natural conclusion'to d,raw was that the iminohyd.rins are not in reality 
amphoteric electrolytes, and that the formula usually attributed to them is 
erroneous.",' However, as, 'the "two examples i'nvesti|ated were of a veiy similar 
'nature, it'se.emed de'sirable. to. study ■■„.other„members of the class,, and at my 
request 'Hr. ' J. ' E. 'Maekensie, began their 'preparation. Other duties, however, 
...compelled 'hii3a„to rel!nquish,^„the"work, ■which''was then taken up by 'O. . 

Buie, ..'and' '.carried, '.to,, a successful'; eonclusioh,,.' the tru 6 "natur 0 ',of: the'immo,- ,.' 
hydliiM;:,being;:''diSClOaed.^ ' ' ; , ' .; 
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iiig coiB-poiinds, from their analysis and apparent iinimoleciilar 
eonditioii in aqueous solution, were represented as having the con- 
stitution isomeric wnth the acid amides. 

Thus the formation of glycolliminohydriii, the first of these 
eoinpouiids to he obtained from the corresponding ethyl ether 
lijdrochloiide, was explained according to the equation 

" 4- AgOH = 

0H-CH2*C(0H):]>[H 4- AgCl 4- Eton, 
the imiiioliy drill, together %vith a large proportion of giycoliamide, 
being supposed to result from the direct hydrolytic action of the 
water present. In addition to the above, lactimiiiohydriii and 
a-lijdroxyisobutyriniinohydrin were prepared and very shortly 
described. , 

The chief characteristics of these compounds, as ■ noted by Escli- 
w'eiler,, are their ■ high melting points, fusion being, generally' accom- 
panied by decomposition, the liberation of ammonia by alkalis, 
and their peculiar reaction towards certain metallic salts, the 
glycollic compound, for example, slowly giving a deposit of calcium 
glycollate on the addition of a solution of calcium chloride. The 
latter action was supposed to take the course 

(0H-CHyC02)Ca + 2NH4CL' 

Esch'weiler' further states .that the iminohy drills are basic in 
character, and clainis to have isolated clef nite hydrochlorides of 
the general, type R*C(0H):FH,HC1, wliieii are . neutral' in' aqueous 
solution. 

The- failure of .all; attempts to 'effect an iiitercon version "between 
the iminohyciriiis and their apparent -isomerides, the acid- am,id,es, 
led. to an extended investigation ' by .Hante^ (Ber,, 1901 ,, 34, 
3142 ), who' showed that these compounds were comparatively strong 
electrolytes, ■ having in reality . a molecular weight ■ double that 
assigned to them by Eschiveiler. In' opposition ■ to,; .the 'latter ' 
author, Hantzsch . finds ■ the iminohydrin liydrocHlorido' be 
strongly .hydrolysed in aqueous . solution, ■ : and ' also " comments '.'on '■ 
the fact,. That all the known iminohy drins ' are derivatives ' .of ' 
'.ahydroxy-acids.* ' , In spite':'of -numerous, attempts, however, he 
■was uiiabie',.to prepare ' other .types. VIn explanation of' 'th'e A'is-l 
co'very that , the, immohydrins' were "'electrolytes ,,'of ■ the'' '.general '' 
formula: (,R“C,0'*'KH2)2, represented' as', having ' the' con- '''■ 

stitution ' NHICR^O^NHg-CE-OS, . the', complex being supposed .'. to' ' 
.'ionise ' in,, - aqueous' ' solution ''.into' ■ ■the" ions And, ■■■ ,' 

*'In ■,&,■' patent ■application,, .'Esehweiler, makes' bare''ckHB Imv© ■ '"'' 
prepared, acet- a,nd 'benzhmnohy(hms,.'bnt no further details are given. 
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(NH2*CR*0H)\ The failure to esia'blisli any relationship to the 
acid amideSj despite the similarity between the structure- of these 
compounds and that suggested above for the imiiiohydriiiSj \¥as 
met by Haiitzscli "with the statement that '‘amides and h^oainides 
(imiiiohydrins) are not isomerides. but polymericles, and their 
relations are therefore different from those of genuine taiitoiiierides, 
which possess equal molecular weights/’ The hydrochloride of 
giycolliiiiinohydrin was nevertheless formulated as 

oh-ch2-c(oh):nh2Ci, 

in which case we should have a true isomeride of glycoliaiiiide exist- 
ing in combination with hydrochloric acid. 

More recentljs the behaviour in solution of glycolliiiiiiiohydriii, 
lactimiiioliydrinj and their salts has been examined by Professor 
James Walker (see Note to preceding paper), with results which 
led him to the conclusion that these coinpoiiiids are not true 
amphoteric electrolytes, and that the formula assigned to them 
by Hantzsch is incorrect. For this reason, and since all previous 
attempts to prepare iminohydrins other than a-hyclroxy-deriv- 
atives had failed, pointing to the possibility that the hydroxyl 
.group was an integral part of the molecule, the following investiga- 
tion was undertaken, ■ ■ , ■ 

Several representatives of this class have been prepared and 
examined, and all w^ere found to possess the high molecular -weight 
and 'saline properties characteristic of glycoliiminoliydrin. The, 
early preparation of the methoxyace-tic and the phenylacetic deriv- 
atives showed that the formation' of an iininohy drill was in no 
way - dependent on the presence of an . a-hydroxy-groiip in ' the 
molecule of the interacting . imino-ether.- Subsequently, ■ an ex- 
amination of the comparatively stable ’ mandelic compound * led 
to the discovery that the iminohydrins are complex amidiiie salts 
of the ' general formula E-C(NH 2 )INH,R-COoH, , This was con- 
firmed. by the synthesis of mandeliminohydrin (mandelamidine 
maiidelate) from, mandelamidine . hydrochloride and -sodium 
mand-elate,' 

''''CeH5‘‘GH(OH)-C(NH.):NH,HCl-h.C6H5-CH(OH^^ '■ ' 

■and ', of , Eschweil-er’s -. original "glycolliminoliydriii (glycoilainidiiie- 
'glycollate) ' from ; 'the,' corresponding 'amidiiie ',hydro-cMoride . a-iid 
aodium ' -gly collate,, ; - 

OH-CHg'-qFag)':^ -' 

Jn 'co'nnexi-o'n', with' .the ;'l"atter' -synthesis,'; : for''--: which 'glycollainicliiie, 

: .::..;*,;.SeqipW©ding,: paper,; by' 
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lijdrocliloricle liad first to be |')repa,red5 Home of Esciiwej'ler’H work 
on tke iniinoliydriii (amidine) salts lias been repeated aaid several 
inaccuracies liave been corrected. 

From t'lie above point of view, a. review of the properties of t^Iie 
'hjiiinohy drills’" presents no peculiarities. Evidence of saline 
character is furnished by. high melting points, insolubility in ether 
or hydrocarbons, and by high electrical conductivities in aqiieoiis 
solution, the latter in the case of the glvcollic coxnpouiid being 
Yetj little short of the value for 'a typical salt such as sodium 
acetate. The reaction with metallic salts is seen to be an example 
of ordinary double decomposition, that between glycoliimiiiohydrin 
and calcium chloride following the course 

20 H*CHo*C(NE->):NH,OH-CH.-COoH + CaCL - 
L>6H-CH2*C(NH.2):NH^Ha + 

The soluble substance left- in solution is glycollamidine hydro- 
chloride, and not ammoniimi chloride, as assumed by Eschweiler, 
and later by TIantzsch. Characteristic of amidine salts is the 
disruption wdiich accompanies fusion' and the readiness with which 
aimiionia is evolved on treatment with alkalis, whilst the decom- 
position 'suffered by the iminohydrins in general on heating with 
a€|iieous Solvents is due to hydrolysis of the amidine into amide 
and ammonia. « This, is well illustrated in the case of the phenyl-' 
acetic 'Conipomid, where .attempted crystallisation from alcohol was 
founci to lead to the production of phenylacetamide and ammonium 
phenyl acetate, : 

Cm2ph'C(NH2):i^^H,CH2Ph-C02H -r H2O ^ 

CH^h-CCPNHa CH2Ph*C02N,H4. ■ 

' The contradictory statements 'of Es'chweiler and Hantzsch 'i'li 
coiiiiexion with' the neutrality, of the' '' iminohydrin salts’" are also 
made clear, since these authors believed that the iriii,iiohy drill, 
(R*C(OH)m'H)2, w.as capable of uniting with two molecules of 
hydrochloric ■ acid to yield' two molecules of the, salt, 

e-c(oh):nh,hcl 

'■ The , hyd',rochioride,’'' in ■.reality an amidine salt, as isolated "by Esch- 
; weiler, proved .'to bC' neutral 'when dissolved in water, whilst hydro- 
.iysis ' iiieasiirementS' carried .out by Hantzsch with, a "solution com 
"taiiiiiig one molecular 'proportion' ■ of ■imiiiohydrin to two' of- hydro- 
'..cHori'c ,' acid,' naturally led to ■ the-'' co'iiclusion . .that the, ' 'Salt' , was 
', .coiisiclerably :.hydrolysed. ' The,' organic acid which is 'liberated, ,iii 
the' latter case remains practically nondonised 'in' the ' presence" ,o'f 
', '""'the exces.s :, of' liydrocMoric: 'acid',; thus, "accounting 'for ■ tli,e':'appa':rent 
dissociation', values ml ' 50 .per .cent.',, obtained by Walker (seo',' ,',Note 
to preceding paper) for glycolliminohydrin and lactiminohydriii 
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li ytlroclilorides, aixl l>y the aiitlior for the iiieilioxyaeetic and 
111 a- II cl el ic deri va fives , 

of the Intemction of I/nhio~ef kej\^ and Water, 

Pinner, in' liis monograph on the imino-ethers Die Iiiiidoatlier 
11 lid ilire Derivate ”), states that these com pounds decompose 
slowly on keeping, generally giving rise to the alcohol and nitrile 
from which they are derived. ■ In some cases the nitrile may poly- 
merise on being liberated, w^hilst in others the decoiii position may 
take place^' in a different manner and lead to the formation of an 
acid amide. ' An example of the latter type is furnished by 
a-liydroxy-!kobiityrimiiio-ethyl ether (Pinner, loc, cit,, p. 37), which 
on attempted distillation decomposes into the corresponding amide 
and alcohol, and it is probable that the interaction between beiiz- 
imiiio-ethyl ether and v^ater to form cyapheniii (Mackenzie, P., 
1913, 29, 175) is due to the initial formation and siibse€|iient poly- 
inerisation of benzoiiitrile. 

In those reactions where water is present, however, other changes 
may take place. Imino-ethers are at once strongly alkaline and 
readily hydrolysable compounds, and the *work of Pinner has 
shown ■ that the imino- and alkyloxy-groupiiigs are extremely 
sensitive to attack, the actual group or groups affected depending 
on the reagent employed. In particular, ammonia reacts with 
ini ill o-e tiler hydrochlorides with great readiness to ' form amidine 
salts. Although in ' no ■■ single- instance was any trace of free 
ammonia observed during the 'above interactions between imino- 
ether and water, it, wvas, found by experiment that the addition of 
a’li equivalent of ammonium mandelate to an aqueous suspension 
of iiiaiideli,niiiio-ethyl ether not' only doubled' the yield of amidine 
mandelate, . but the deposition of the salt 'commenced almost 
-immediately after the addition had' been' made.' ■ It seems, prol> 
'a,ble, then, that in the interaction of imino-ethers and, water, the 
first .step is ■ autohydrolysis of a portion , of the substance' dn the 
aikaiiiie •medium to 'form the ammonium' salt of. the corresponding' 
acid, , 

., ' R-G(0Et):NH'+2,Il20^.:-,E-C(0NH4):0Y 

■This: '.salt, then,, reacts with:,' more free imino-ether'to' give 'the 
amidine 'salt of' imiiiohydrin, ' ■■, 

'' '',''''E*c(ONH4):o+'R-G'(OEt):.ra 

; E-C.(NH2):NH,E’G02H Y'EtOH:. . 

, .'111'.:'. This,: ','',coii,ne'xion,''" Pinner," ,■ in '.■'.describing-:' the ■ ; f,orm„a-tioii- 'of'' 
amidine' hydrochloride" froin' 'imino-ether hydrochloride and a slight 
excess 5f alcoholic ammonia, remarks on the precipitation of 
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aniiiioiiiiim cliloride, whicli then slowly dissolves witli tlie formatioii 
of tlie soluble amidine salfc."'^ 

Tlie production of amide is probably caused by direct liydro- 
lysis of imiiio-etlier and amidine in tlie alkaline solution, and tlie 
amount formed in any given experiment does not appear to bear 
any constant relation to that of the amidine salt. 

E X P E K I M E N T A L, 

Tlie iiietbod of preparation adopted by Escliweiler, and later 
by Haiitzscli, in wMcb tlie imino-etber byclrocliloride is added in 
small portions at a time to an equivalent- amount of silver oxide 
suspended in water, led to siicli small and variable yields tliat its 
use was abaiidoiiecl. Yields of SO — 35 per cent, were obtained by 
allowing tbe free iniiiio-etbers to remain witli ' excess of water for 
some da^rs at tbe ordinary temperature. During tMs time, tlie 
originally strong alkaline reaction of the iniiiio-etlier gradually 
disappeared, and a mixture of iminokydrin and acid was produced. 
At first tlie imiiio%driii was isolated by repeated cr 3 ystallisation 
from a suitable solvent. In some later cases, tlie dried products- 
of reaction were extracted witli etber.in a SoxHet apparatus, , tbe' 
insoluble iiiiiiioliydrin being left bebind in ' a comparatively pure' 
state. 

'' 'Glycolliiiii'iiobydrin (glycollamidi'iie glycollate) w'as ' prepared 
ij'i a 30 per ce'iit. yield by dissolving glycollimino-etbyl ether' in 
f?x.cess of w'ater and allowing the- solution to remain for ten or 
twelve days. On evaporation to diyness in a vacuum over 
siilpliuric aeid, and repeated recrystallisation of the residual solid 
from alcohol, the' pure ■ iminohydrin was obtained in well-defined 
pbites ineltin'g and decomposing at 'IGB— 168°. Escliweiler' (Io,c. 
gives 161 — " 

111 the hope, of isolating sonie definite-" oxidation or reductioo 
product, an electrolysis of 'the iminohydrin in aqueous solution was 
carried' out in a divided cell An' analysis of the electrode ga'ses/' 
.however, indicated complete disruption of the iminohydrin ' mole-' 
ciile. : Similarly, all attempts by chemical means to isolate' a basic 
or acidic component other than am.moma. or, gly collie acid, both of' 
which' were believed to be p^roducts of 'hydrolysis, led to no result. 

Earlier attempts to 'prepare aceh and ' beiiK-iniinohydrms ■ were " 
also,, unsuccessful '(co'mpare Haiitzscli, , loc. cit ., , and Mackenzie, ■ .P.',, 
■1913, :29, 175), the only recognisable 'products of .reaction in t'he 

'^inee the a'bove wan 'wniten, a piq:>er lias, been :,',pub!'isbed by. A'. Kno'lT 
1917,, ;229), ill wliicli tbe ..autbor claims to have sliowri conclusively' 

tl'iat free ammonia' does not' .react ' witliTree imino-ethers, but ' tbat?'"amidine 
hydro'cMorMes''are formed from th'etn b'y^reactioii' witli' ammomiiin'' chloride* 
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case of benziiiiiiio-etiiyl etlier being beiizamide, e3^ap]ieiiin, and a 
little etliyi benzoate. The first indication that tbe^ presence of an 
a-liydroxy-groiip was not an essential condition for tlie forMation 
of an iminoliydriii was given by the preparation of metboxyacet- 
ijiiiiioliydriii. 

Methoxfacetimino-ethyl Eth er, 

Metlioxy acetonitrile (29 grams), prepared from paraformaldeliycle 
according to Wedekind’s nietbod {Ber,, 1903, 36, 1383), was dis- 
solved in etber and treated witb an equivalent (24 c.c.) of absolute 
alcolioL Tbe solution w-as cooled in ice, and dry liydrogen cbloride 
(15 grams) passed in. After a short time, the liquid separated 
into two layers, and subsequently metlioxyacetimiiio-ethyl ether 
liyclrocMoride crystallised out. 

Some of the hydrochloride (16 'grams) was shaken, with ether 
and a concentrated solution of potassium carbonate. Much carbon 
dioxide was evolved, and the ethereal extract, after drying over 
sodium sulphate, was distilled. The boiling point of the distillate 
slowly rose to 136^, where it remained constant. The yield of 
iiiethoxyacetiiiiiiio-etliyl ether (b. p. 136°) was 5*5 grams. 

The ' imiiio-ether is a colourless liquid -with a peculiar odour; it 
is alkaline to litmus and miscible in ail proportions' with water. 
Ammonia is readily evolved on treatment with alkalis: 

0*1789 gave 0*3381' COg, and 0*1474 H^O.- C = 51*52; H=:9‘22. 

C5H11O0N requires 0 = 51*25; H = 9*47 per cent.' 

It is probable that The substance ^was not quite pure, . since all 
imino-etliers decompose to 'some extent on heating. An attempt 
to: purify' a portion by distillation under 50 'mm. pressure gave a 
distillate passing over at 66 — 67°. This., specimen, on analysis 
proved to be no purer than the 'above. 

” {mxMoxyacMamifline' metiwxij- 
■acetate) WRS, obtained by allowing ' the f ree ■ imino-ether (12 grams), 
mixed wntli excess of ''.water, .to remain at the ordinary tempera- 
ture ' for five' weeks. ; The '.water ■ was. ■ removed in' a vacuum, over 
sulphuric acid,, and the resulting mixture recrystalHsed repeatedly 
from alcohol . containing'' about a "third, of .its volume of benzene. 
,The''iminohy drill '(2*2. grams)', was obtained, i,n large, well-shaped' 
needles melting, at 162—164°,: 

;:'0*1'B35| gave '0*2715 CO^ and"'QT332' HgO.' ;C ='40*35';' H''=8*'06. 

. 'C0H|4:O4N2,' requires C=40'‘42; ,;H'=7,*'93 'per ce;nt.','",' 

; ;It'^ .is., readily ^ soluble "in,, alcohol and,' mode'ra,tely 'so' '.in ,.wate'r,'',','Tii, 
.'.ether;,' or. .benzene, / it 'dissoives. .sparingly,..; ., , "On . .heating',' with' aqueoiiS: 
', sodium;, hydroxide, :,::amm.onia; is„''',:ey ohred, ■" 
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Mohr'^lfir Wei. [fit I in A queoii.^Solntion (Gryoscapie Melh-oJ), 

Using 20 grams of solvent, the following data were obtained 
(K-1870): ^ 

" ,0-1225 gave -0*129^. M.W.-89. 

rj-24Sl -0*250^. M.W. = 93. 

0-3067 ,, -^0*309'-. M.W.-93. 

Cy,H| 404 K 2 requires M.W. = r7S, hence at tlie above dilutions the 
su):jst'.ance is almost completely ionised 

Blectrieal Oonductivity in Water at 25°. 

The following determinations were made, using electrodes covered 
with a deposit of ''grey'" platinum, and to reduce still further 
errors arising from the oxidation at the electrodes, the electrolyte 
at each dilution was freshly prepared from a stock, solution by 
the addition of the requisite ■ amount of water (/% — 1*6 x 

All A/20-soIiitioii was prepared by dissolving 0*8907 gram of 
the 'Miiiinohydrin up to 100 c.c, 

^ 20 40 100 200 400 1000 2000 ' 

, 00-9 64'0 07-S 09-8 70-S 71-6 ' 72 0 

At dilution -v = 2000 oxidation was noticeable, as shown by the 
dropping of the cell-resistance. The figures show 'iiiethoxyacet- 
iiiiiiiohyclriii to, be a good electrolyte, with a conductivity, ati high 
diIiitio,iis comparable with that of glycolliminoliydrin, for which 
Haiitzsch iiiids' 1 X 25 ='79*5 at ?; = 2048. 


Hydrolysis of Meiho apicetimm^^^^^^ If y dr o chloride J 


', According to Eschweiier ■ and ' liantzsch, the imiiiohydrins form, 

liydrocWorides of the general type R-C(0H);NH,HC1, salts which 
are considerably hydrolysed in aqueous solution. Walker (see 
Note to preceding paper) finds this hydrolysis in the case of the 
glycollic and lactic derivatives to approximate to 60 per cent, in 

378~soIution. 


^ The hydrolysis at the same diiiition of , metlioxyacetiminohydriii 
■hydrochloride waS' measured by the'..,methyi acetate catalysis, method;,' 

and found in this ease also to be almost exactly 50 per cent. 

^ Experiments directed towards the preparation of the unsubsti- 
tuted -^mmohydrms'’ corresponding with benzoic, phenylacetic, 
and acetic acids met at first with no success. As has been already 

water to give cyaphenin, 
a^d faitee in the rases of phenylacet- aceWmiuo-ethyl ethers 
was subsequently found to be due to hydrolysis of the^' imino- 
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liydriiis-'-’ during attempted purification ]->y crystallisation. Tlie 
two latter coinpoiiiids were eventually obtained from ilie crude 
reaction niixtiire after removing the' accoinpaiiyiiig acid ajiiide by 
extraction with ether in a Soxlilet apparatus. 

'\i eetimi?iok-f/drhi (Aeetaniidine Aeefai'A), 
CHyC(]SrHo):]SrH,CHyCO.H. 

Acetimiiio-etliyl ether hydrochloride, prepared from acetonitrile 
(37*5 grams), alcohol, and Iix'^drogen chloride in the usual niJiiiiier, 
was converted into the free imino-ether by shaking with ether and 
a concentrated solution of potassium carbonate. The bulk of the 
ether *was cautiously removed on the water-bath, and the residual 
liquid mixed with excess of water in a stoppered bottle. After 
ten weeks, the still faintly alkaline solution was evaporated to 
dryness in a vacuum over sulphuric acid, and the solid residue 
extracted with ether in a Soxlilet apparatus. The residue, melt- 
ing at 66 — 148 *^, was partly soluble in benzene, the solution deposit- 
ing crystals of acetamide (m. p. 79 — 82°). The insoluble portion, 
amounting to 3 grams, melted at 155 — 175°. The latter was 
purified by solution in cold alcohol and precipitation with benzene, 
giving a filial product melting and decomposing at 185 — 187 °. 

All attempts to recrystallise it ■ from warm alcohol or ' ethyl 
acetate, with, or without the ■ addition of benzene, resulted in the 
decomposition of the iniinohydrin. 

Qualitative tests showed that this substance \vas a 'good 'electro- 
lyte, whilst its high melting point, insolubility in ether, and the 
evolution of ammonia -witli sodium hydroxide, showed it to be 'of' 
the same class ' of substances as giycolliminoliydriii. r Owing to the 
low, yield and its unstable nature. It \vas not ■ further examined. ,, 

PherijAacetate)^ „ 

Free plienylaoetimino-ethyl ether, ^ prepared 'from phenylaceto- 
nitrile, (Pinner,, ‘'fDie 'Imidoather,*'- p. '66), 'was allowed to remain' 
in ' contact' with water at 'the ordinary temperature , for , several 
weeks. " The semi-solid mass:',w'as, filtered, . and ' the, solid portion, 
after' , drying , , ' extracted with' 'ether in; 'a' ' ■ SoxMe t, ' ■ apparatus. After 
thirty hours’' extractio,n, The inainohydriii was left behini', 'in 'a,'pure' 
"state,! melting, and decomposing , a'fc-'- .227— *230°.: , . . ■ 

y, 0'T586,:, gave 0^138,, and d'0974' 

'' ' r«qnires',.C = 71 T'Q'i' H' =■ 6'72, ' per '' eenh : ; ' 

, By,'':SO,lii'tioii ,' 'in,',' ethyl (acetate ;:and...''.;precipitation with' ^'h'ehZ'ene, 
product of the original melting point was obtained in very fine 
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needles. Tlie substance is very sparingly soluble in water, soluble 
ill alcoliol, and insoluble in benzene or ether. With aqueous 
alkalis, ammonia is readily evolved, and the conipoiiiid is of the 
same unstable nature as acetiminohydrin, attempted recrystallisa- 
tioii from alcohol or water leading to partial decomposition into 
amide and the ammonium salt of the corresponding a,cid. Fot” 
this reason, it was not further examined. 

The four ‘'dmiiiohyclrins ” described above, derivatives of glycollic, 
rnetlioxyacetic, acetic, and pheiiylacetic acids, were not suited to 
a detailed investigation on account of their instability towards 
solvents and their general physical properties. A more convenient' 
subject for examination was found in '' maiideliiiiinohydrin.” 

3Ian£elimmohydrin {Mandelamidine Mcindelate) y 
C6H5*CH(OHhG(NHo):NH,GeH5-CH(OH)-CO.H. 

This compoiiiid had already been obtained in small quantities 
by Mackenzie (see preceding paper) by the interaction of aqueous 
silver oxide and iiiandelimiiio-ethyl ether hydrochloride. In the, 
preparation of larger quantities, it was obtained from benzaldehyde 
as ' follows. , ’ ■ 

Moist potassium cyanide (80 grams) was placed in a flask' and 
covered with an' ethereal solution of one equivalent (106 grams) of 
benzaldehyde. The whole was cooled in. ice, and ra'ther less' than 
one equivalent (50' c.c.) of concentrated hydrochloric acid added 
sloivl}-" 'With constant shaking. The ethereal solution was decanted 
and dried for twenty-four hours over ■ anhydrous sodium sulphate, 
after wdiich w’as poured off . and cooled in ice, Equivalent 

ain. ounts of alcohol (46 grams).* and dry hydrogen chloride ■ (36*5 
grams) were added,.' and after a short' time the liquid' became 
almost solid,, owing to the separation of' mandelimiiio-ethyl ether 
.liyclrochloride. Inn few hours the latter (135 grams) was collected. 

. The' hydrochloride was suspended • in ether and ' shaken with a 
coiiceiitrat'ed soliitioii of potassium caihonate. Ou' removal of, the 
et'iiereal layei* and evaporation of the solvent in ,a vacuum, the free,, 
'irniiio-ether, (87 grama) remained as a white solid., 

",The',inii'iio-6ther was, introduced into, a stoppered 'bottle co'ntain- 
iiag' excess, of water, and . the ' latter placed in a shaking 'machme,. ' 
After five or six days, ,'th6. bulk of the solid suddenly, passed' intO' 

so, lut"i.oi 2 , when the ' reaction.' mixture' was removed ,and"the ' water ,. 

,' evap,orat'ed in "'a ,'vacuuni' ' 'Over''; sulphuric ' a,cid. ;Th6 'dry ' residue 
-.was,'' transferred' .to '.a 'Sox.Met apparatus' and extracted ' '.for "some 

hours .with vether, leaving „ an ■ insoluble p'Ortio,n' melting a'nd' decom'- ' 
'.pqs,iiig,,' 'at ': about' ''Id'O^,,': which,': After 'crystaiisation'': from ''hlcphol,:' 
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ga ¥0 tlie pure iminoliydriii (25 grams), melting and decoiiiposiiig 
at 185 — 187°. Mackenzie quotes 173 — 179° (see preceding paper), 
the actual figure depending very much on tlie rate of heating. 

Mmidelmnidine mmidelate crystallises in colourless plates, in- 
soluble in ether, benzene, or light petroleum, sparingly soluble in 
water (100 grams dissolve 1*87 grams at 25°), rather ' more readily 
so ill ethyl alcohol, and moderately so in methyl alcohol (100 grams 
dissolve 4*80 grams, at 25°). It is comparatively iiiiaffecfc-ed by 
solvents, and can be recovered from them unchanged, whereas 
glycolliminohydrin recovered, for example, from a solution in hot 
alcohol, has always a decidedly lower melting point than the start- 
ing material. 


3Iole€iiIa.r Weight 'iff Aq'U.eoffs Sotiifion {Oryoemfic Methmf). 

'Using 20 grams of solvent, the l’o,llowiiig data were obtained 
(K=:1870): 

0*1210 gave -0*073. M.W.=:i55. 

0*2348 „ -0*147. M.W. = 149- 

C 2 eH 3 g 04 N 2 requires M.W. = 302, hence at these dilutions the 
compound is' almost completely ionised. 

In boiling methyl alcohol (pure anhydrous), the follov/ing figures 
were obtained, using an electrically heated modi,fication' of ' Beck- 
mann'h apparatus, jacketed in a vacuum tube. 

Weight of alcohol taken, ,27*91 grams (K = S60). ■, 

0*5340 gave E = 0*080. M.W. = 206. 

0*9923 „ ,,=0*150. M.W.=.204. 

1*384 „ „ =0*214. M.W. = 200. 

' As was to be. expected, these figures indicate partial ionisatioii 
o.iily of the compound in methyl alcohol.' 

Elecirical Co7iductivHf in Water at. 25°, ' 

' As ill the case of .methoxyacetiminohydrin, the electrodes used'' 
were .coated , with ''■grey''' platinum, hut, at the, higher ''dilutio,ns,': 
^:^= 400 and above', ' oxidation ■ *was . made ' apparent , by ' the" falling 
.resistance ' of . the . oelL .' The .solution . at '' each . dihitioB' was ' 'freshly ■■■ 
made' .up from an :iF‘/20-sto'ck solution containing 1*611. g.rain.e.'iii 
100 c.c. ' ' The' ■ water 'used ■ had' a', "specific conductivity' .■ value.; of " 
h4x'10,-“«';at'25°.,':h: ( VU. 

.'v'..,, : 20..:':'.';,' '' ' lOO’ \ v.-"'. 200 ' '■ ■' 400 , ''"";2000: ■ '' 

4e-0;yh''^'ho.:;. 
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if a iideUinmoliydrin Tlydrochlorlde, 

Tlie liydrolysis i.ii aqiieoris solution of ilie liydiax^hioiidt*. of 
glycoliiiiiiiioliydrin was measured l)y Il'antzscli Irv rltijeririiriiiig' 
tile' electrical conductivity of a, solution containing one* I'lh'jleiviiljvr 
proportion of the himoleciilar iminohydriii ” and two nuilecular' 
jiroportioiis of hydrogen chloride. The figures ohtaiiied indicated- 
extensive liydrolysis. As already stated, Walker, using’ tlie methyl 
acetate catalysis inetliod, found almost C-xactly 50 per cent', of tlie 
hydrogen chloride in the imcomhined state in A/8-soIiitioin The 
hydrolysis of the mandelic compound, determined liy t:lie latt-er 
inethod, rvas again found to be 50 per cent, in A/Ki-soliitiom On 
the other hand, Eschweiler states (compare Ilantasch, Ber.^ 1901, 
34, „ 3154) that glycolliminoliydrin liydrocliloride, obtained by 
civaporatio-ii o,f the solution of iminohydrin in hydrochloric acid, 
is a’ neutral salt having the structnre 0H;<JH^*C(()II;):N:H:,HC'L 
Mandeliininohy drill,' ' on being treated wdth. excess of aqueous 
hydrochloric acid and evaporation in a vacuum over solid potassium 
hydroxide, was found to retain exactly a half-equivalent of acid, 
which could be 'estimated by titration with' standard alkali in tlie 
presence .of methybred. This solid hydrochloride showed' 'no 
definite' melting point, but ■ ''maiideliminohydrin,’'’' when dissolvet'l 
in hot dilute liyclrochloric acid, deposited, on cooling, well-forined 
crystals of a hydrochloride melting at 215“2I9°. These cryst-aJs 
proved to be 'neutral in aqueous ■ solution, and evolved ' niucdi 
a,inmonia with, sodium hydroxide. ■ 

Acfyimi of A llmlis ond^ Mtmdidh 

In . the. course of some experiments, on the action of 'al'knlis o.ii 
"/'■mandeliminohydrin/’ an, aqueous solution of tlie latter wa's 
treated .with exactly, one molecular equivalent of soc'lium liydi^.. 
oxide. No ammonia could be 'detected after remaining for aoiiu' 
iniiuites in the cold, but on warming the strongly alkaline solniloti, 
a considerable evolution, of the gas was observed.' The 
, was boiled until the 'evolution of "ammonia 'ceased, when 't/iie' resi'^ 
tliial liquid -was .found to be neutral . . On coolii'jg, a, of 

'crystals' was deposited melting at 128- ~I32«. •■These, after crystal.. 

, lisa.tioii from alcohol, melted at 131 — 132®, and proved to .be "pure 
mandelamide. The aqueous mother., liquor ^ contained :. socliuin 
.mandeiate'.' and yielded ' .free mandelic. aedd . orr.' acidification. '.'No 
. other. product coiiid' . be, detected.' V, . . . ■ 

. pMse results suggested that the basic portion of the iiniuo^ 
hydnn was set free by alkali and subaequeutly deooiu posed with 
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evoliit-ioii of aiiiirioiiia. Attempts to isolate a base soluble in etlier 
were only successful when' the aqueous alkali originally in use was 
replaced by a saturated solution. 

When til© finely powdered iminohydrin was rapidly shaken in 
a separating funnel with ether and saturated aqueous potassium 
hydroxide, the ethereal layer left, on evaporation in a vaciiiina, a, 
very small amount of a white solid. „ This substance melted at 
98 — 110^, was soluble in water, giving* a powerfully alkaline solu- 
tion, and after a short time decomposed, with the evolution of 
much aimnonia. These properties are those of an amidiiie, mandel- 
amidine, Q5H5'CH(0H)*C(NH2.):NH (Beyer, J. pr. CJiem., 1885, 
[ii], 31, 383), melting at 110^^. The neutral hydrochloride melt- 
ing at 215 — 219^ obtained above ■ should then correspond with 
maiidelamidine hydrochloride, C,iH 5 -CH(OH)-C(NH 2 ):NH,HCl, 
'which melts at 213 — 214^^ (Beyer). A specimen of the latter pre- 
|)ared from .maiidelimino-ethyl ether hydrochloride and alcoholic 
ammonia was found to melt at 219 — 220°. 

The behaviour of ‘‘'mandeliminohy'drin towards acids and 
alkalis, coupled with the characteristic reaction of glycollimino- 
hydrin with calcium chloride, resulting in the deposition of calcium 
glycollate, pointed to these compounds being, in reality., amidiiie 
salts of the general type B-C(NH 2 ):N;H,R-cb 2 H. 

Si/nthesis of M 

This coMstituti,o,n was readily coiihrmed by the f.orination, of the, 

imi'nohy drill on mixing, in warm aqueous solution equivalent 
amounts of mandelamidine hydrochloride and sodium mandelate. 
On cooling, the solution deposited hard nodules melting, and 
deco.mp'Osiiig at 175 — 180°, which, ''after recrystallisation' .from 
a'.icohol, showed the characteristic'' plate ' formation . of ^''mandel- 
i'm.i,'nohydrm/' and 'melted and decomposed at. 184— 186°. ' 

^yutheds of 

Ec.:|iii'vale.nt amounts of sodium., .glycollate a.nd' glycollamicliiie 
.!"iyd".rochloride (for .preparation, see later)' were, '.'mixed in .aqueous 
solution. After; evaporating .to dryness, ''extraction ' ..with .'alcoho'l 
removed' '“‘glycolli'minohydrin/^ melting at .166— 168°. . 

p'-GMorommidelirnmohydrm” (p^Ohloromcmdelamidme .'p-GMorO’ 

'CleH4GhCH(OH)*C(NH'2):NH 

This.''Compound 'wa'8 ' prepared ; f or .'dhe' purpose: of comparing its 
'■.'p.hysical .'cG'hstants,: 'with ''thD,se ■'Of'':'the,.''m'and 0 lic A'erivative before the 
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coustritiitioii of tile iminoliydriiis as amidiiie salts had lieeii esta,b~ 
lisliecl. The preparation was a somewhat lengthy process^ st^artr" 
iiig with tliB' conversion of p-chlorotoluene into p-clilorobeiix}?’!- 
idene chloride, C( 5 H 4 ChCHCl 2 , hy the action of chlorine on tlie 
boiling liquid under the influence of rays from a “ITvlor’ iiierciiry- 
vapour lamp. The chloro-compoimd was heated in a sea, led tube 
at 170° with water, yielding p-chlorobenzaldehyde, and the iattcii: 
extracted with ether. The ethereal solution, after drying over 
sodinin sulphate, was used direct for the preparation of p-rMoro- 
manclelimino- ethyl ether ^ C(jH 4 ChCH(OII)“C(OEt)I!N'I::I, by the 
method used above for the mandelic compound. Owing to the 
great tendency of the chloroaldehyde to oxidise in air, it was foniid 
necessary to carry out the reaction in closed vessels in an atmo- 
sphere of carbon dioxide. Twenty-four grams of p-chlorobenzyl ■ 
idene chloride ' gave 8 grams of the free iniiiio-ether. 

'The compound crystallised from ether in well-defined plates ineltr- 
ing at 107 — 109°. When recrystaliised from light petroleum, it 
melted at 108 — 110° 

The crude product tends to oxidise in air, becoming red, but 
the pure substance can be kept for some wrecks without much dis- 
coloration. It is sparingly soluble in water, soluble' in dilute 
hydrochloric acid or alcohol, and readily so in hot benzene, from 
which it is precipitated by light petroleum. 

An attempt to determine the ' chlorine content by Stepanov’s 
method, using alcohol and metallic sodium, led to too high a figure 
being found, and it was noticed that decomposition of the 'iiiiiiio- 
ether had taken place in such a way as to lead, to the production 
of hydrogen cyanide. 

Using the Cariiis-Volhard .method, the following ' figures were 
obtained: 0‘1 172 gram, was heated in a -sealed tube, with 0*2242 
gram^ of silver nitrate and 2 c.c. of fuming nitric acid. After the' 
reaction, - the oxides' of nitrogen were removed and the un(ha..ng'ecl 
'-silver 'nitrate was .titrated with 'thiocyaixate, of which .7*35 ,c.c. 
;(0*1052iT) were required : 

y -'01 = 16*5.' , 

requires 01 = 16*6 per cent.. 

. ' 'fCiiior-omandeliminohydrxh ” was 'prepared, in ' smalt : quantity 
only, ^ by the method adopted in; the case of .'the, mandelic- derivative. 

Contmuous extraction of the dry product with ether separated the 
mixture into two portions. 
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lUJh'krroniandel^^^ CVH4Cl*Cli(OIl)"C\3rNH.),. 

T1m> €^tliereal exly.raci> deposited a white, crystaJliii© siibataiice 
wliiclij oil crystallisatioii from benzene, melted at. 122—123°. 
Alia, lysis showed this to be the expected' p-chloromaiidelamide. On 
hydrolysis with alkali, it yielded- ammonia and ■ a salt of cliloro- 
mandelie acid. 

0*1162 G-ram heated with 0*2626 gram, of silv-er nitrate and 
fuming nitric acid required for titration '9*10 c.c. of iV/104hio- 
cyanate. 01=19*4. 

C8Hg02N0i requires 01 = 19*1 per cent. 

The amide is soluble in alcohol, sparingly so in ether, and very 
sparingly so in benzene. p-Chloromandelafmdm^^^ ^hchloro-. 
mandelate w^as left behind in the crude state after extraction with 
ether as a white powder melting at 170 — 180°. Kecrystallisation 
from a mixture of alcohol and benzene raised the ' melting point 
to 186 — 195° (with decomposition). 

This compound proved to be unexpectedly unstable, and very 
readily decomposed with the -evorution of ammonia on heating with 
solvents. Owing to its instability and the fact that its perceiitag-e 
com position do-es not differ from that of the amid© with, which it 
is liable- to be contaminated, it was not further examined. 

Treatment with dilute hydrochloric acid and subsequent recrystal- 
lisation from alcohol yielded the crystalline ^-chlorofnamlelcimidine 
hiidrochloridii, C( 5 H 4 CbCH(OH)*C(NH 2 ):NH,HCl, melting and 
decomposing at 252 — 253°: 

'0*3360yrcK|iii'red 15-20. c.c. OF = 16*04/ 

CglIoONoCI,HCl requires CF = 15*97 per cent. 

A mMine. Salts. 

■'.Some compounds of this type have .been- described by Escliweiler 
tinder the heading of iminohydrin salts/' but sine© anuch of ■ the, 
■data furnished by this author is inaccurate, and since, moreover, 
he was, under a .misapprehension as'. to the 'structure of., the' (im- 
pounds ' 'with .which' , he was dealings ,it "was 'thought - desirable .to' 
repeat- certain- of the preparations. ' 

, v; " mycollamUine , lipdrocMoride, :'OH-eH 2 *C(NH 2 ):NH,HCl,. " ' 

■ Bschweiler iihid,)\ describes glycol'li'minohy,driii/hyd'rochlo,ri(l©,'^'as,' ' 
-, being .prepared by .the evaporation, of a.. solution -of ''.'the -imihohydrin,' 
in an equivalent amount of dilute hydrochloric acid. The re- 
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c'rvsiraliised prodiici is quoted as melting at 135^^ aiul, iuiviiig tlie 
skiicture 0H>CH,-C(0H):NH,HCL 

Glycoriamidiiie glycollate, prepared from tlie free iiiiiiio-etlier 
by treatniei.it with water, gave, on evaporation with liy(:iroe,lil().ri(^ 
acid, a crude product melting at 130 — 150®. After :re|,>eated 
purification by solution in hot alcohol and precipita,l:ioii wit'k 
] 3 eiizeii 6 , the hydrochloride was obtained in very fine needles ineli:- 
iiig at 150 — 151®. 

In larger quantities, this salt was prepared from giycolliiniiio- 
ethyl ether hydrochloride and alcoholic ammonia accoi’diiig to the 
general method recommended by Pinner (/or. eit.). A, Iter piiri™ 
iicatioii from. 98 per cent, alcohol, a product of the above. ineUviiig 
point was obtained. 

0*2003 was distilled wdth excess of sodium hydroxide and ihC' 
ammonia trapped in 25 c.c. of 0*!1036 A''Sulp,huric acid. IMie 
excess of acid required 7*70 c,c. of 0*1934 A^~sodiirm hydroxide. 
N--25-17. 

0*1037 treated .with 20 c.c. of iY/lO-silver nitrate required for 
titration 10*65 c.c. of iY/ 10 -ammonimn thiocyanate. C1=A11*97, 
CoHe, 0 'N 2 ,HCi requires N = 25*34; Cl ='32*08 per cent. 

• The salt is sparingly soluble in alcohol and practically ;inHoluble 
in benzene or ether. ■ It is very readily soluble iir water a,nd 
delique,sceiit in air. 


GlycoUamkUn^^^ (OH-CHyC(Nn2):NH)2,I:hSO,j. ; 

G 1 ycollainidine hydrochloride -was treated with an equivalent o:l' 
sulphuric acid, and the excess of water ' evaporated on the ' steam - 
bath. , , Recrystallisation from aqueous alcohol gave the sul phate in 
colourless leaflets melting and cleconiposing at \205®., EBchwei,le:r 
{loc , ' eAt,) gives 150® as the .melting point of glycolliininoliy drill 
sulphate,' prepared in a similar mamier :- 
0*2042 gave 0*1900 BaS 04 . ■8=12*78. ■ 

(C 2 H 50 N 3 ) 2 H 2 S 04 requires 8= 13*02. per cent. ' 

' Tlie salt is not deliquescent, is readily '.soluble in water, and very 
sparingly: so in a'bsohite '.alcohol.', 

(rlycoUmriidme Hydrogen , 0 H*CH 2 *C(NH 2 )INH:, 11 , 280 , 4 .. 

','In' ',„order„ to, ascertain if E'schweilePs' sulphate,, melting at ,'.150®, 
were th'©,' ,■ hydrogen, ' sulphate, glycoliaraidin©' hydrochloiide was 
tr 6 ate',ci in aqueous 'aolution', with, exactly ' two equivalerits of sulphuric 
,acid.:, ,aiid .evaporated '.to .dryness ,' .in -..a. vacxium,. over sodium:.'' Iiydr- 
oxide and sulphuric acid. The product was quite free from 
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(‘.liioride, and,, after drying on poroxiB porcelain in a. vacuitin, iiieiied 
at 65—67® after having softened at 63®. On recrystallisatioii from 
aq neons alcoliol, leaflets melting at 150—175® were 'deposited, 
wliicli 'proved on analysis to contain .more tlia,i3 90 per ce'iit. of the 
iio'nnal sulphate. Even from solve,nts contaiiring a largC' 'excess 
of acid, the crystals deposited were mainly, of the norm a 1 salt, 

Glycdlamidine Nitrate, ■ 0 H-CH: 2 -C(NHa):NH,HN 03 , 

This substance was obtained by evaporating on the steain-batli 
equivalent amounts of glycollamidine hydrochloride and aqueous 
tiitric acid. Recrystallisation from aqueous alcohol gave the pure 
.nitrate, melting at 110 — 111® (Eschweiler gives 95® as the melting' 
point of glycollimiiiohy drill nitrate). 

A prod.'uct melting at 110 — 111® was also obtained from glycoll- 
a,:iiiidine glycollate (iminohydrin) and .nitric, acid : 

0-2330 gave 0*1504 CO. and 0*1074 HoO. 0-17*58; H = 5*i5.' 

0*1497 „ 39*1(.) c.c. Ng (dry) at 10*5® and 747 mm, N-30*88,. 

C.H^jONoJiNOs requires 0 - 17 * 52 ; H = 5*15; N = 30*68 
per cent. 

The salt is very rea.dily soluble in water, and practically, in™ 
soluble in absolute alcohol, . benzene, or ether. From aqueous' 
alcohol, it is de;posited in leaflets which are stable in air. 

Eschweiler h 'nactiminohydrin sulphate^’ (lactam id iiie sulphate) 
is correctly quoted as melting at about 198®. A specimen, 'pre- 
pared' from, the iminohydrin was found to melt and 'decompose 
at 200—202®. The hydrochloride and nitrate have already been 
described by Pin,iier. , 

Sumarutry, 

(1). ThO' inii'i'iohy drills' or is'oa:mid68, formulated by Eschweiler. as' 
E<;!(OH):NH,.,'and by Hantech as NH:CE* 0 *NH 2 :C'R-OH,,.have , 
beei.,i shown to, ,b© a.midine salts of the general type-' 

r*o(nHo):nh,e-go2H. .' 

Tliis str'uct'ure has been, confirmed ',by the 'sy.n thesis, of the ' rnai:i.d.6].ic 
co,'.i'n|.',>ound a'lid of Esch'weiler‘'S' origi'.nal;d^ giycoliiminohydrin.'^'’ , . , 

, ' ^(2) It 'is' suggested that the ,production,',of ' amidine "salt'-hy Alie . .. 
reaction; between imino-ether.' and'. water, takes place .mainly" through 
the , intermediate • formation of the' ■' 'am,mon.ium ' salt' of,':", the ; ,. corre- ' 
's.i:)o'ndmg acid, which' by, -subsequent reaction with 'free 'imino-eth^r ,'. 
,giv'es' rise to, 'the amidine, salt.. 

(3) Certain inaccuracies of ’ Eschweiler in' reference , to '''',,'”,''imino“'''' ' 
hydrin (amidine) salts have been corrected. 
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III coiicliisioii, I desire to express jny tliau’ks to Professor Walker, 
at.' whose atiggestioii the above work was tiiideriakeii, for tJie iiiierest 
lie, has shown tliroiighont its course. I am. also iiidelited to (,!ie 
Earl of Moray Research Bhiiid for a graait w^hicli has covered most 
of the expenses in connexion with this research. 

Ghemistby Department, 

ITniveksity of .Ebikbuboh. [Received^ Juh/ 2nd, 1917.] 


Ill,— The Preparation of 

By Emil Alphonse. 'Werne.r, 

By heating phthalic anhydride with a-naphthol for a sliorti time' it.) 
til© boiling' point of the. latter, Grabowski {Ber,^ 1871, 4, 661) 
obtained what was apparently an anhydride of aniaphthoIplitha,lei:ti. 
This substance, which had the composition C 2 gHi(; 03 , was, insoluble 
in alkalis, and was of no particular interest. 

The true phthaleiii (C 2 gPIi 8 ^ 4 ),- which .is readily soluble in alka,lis 
with the production of an intense pur© blue colour, was shortly 
afterwards obtained by Grabowski {Ber., 1871, 4, 725; 1873, '6, 
1065) from the .interaction of a-naplithol and phthaly] chloride, 

Sorensen and Palitzsch (Biocheni. ZeMack.^ 1910,, 24, 381) have 
directed 'attention to the great delicacy of a-naplitholphthalein as 
an indicator in alkalimetry, and have described in detail a .inetliod 
for its preparation, which differs but little' from, that recorded by 
Grabowski. 

; Having, recently received .a .request from one of my colleagues 
■fo,r a small quantity of ■ this indicator,, which apparently is difficult 
to' procure ' at , the present time, a few', experiments were '.made in 
order "to " ascertain if the substance could he prepared with the- aid 
of phthalic anhydride, which is- so 'generally e.mployed in ■ the ' pre'-- 
paratioii of other phthaleins. 

Conditions -necessary /for 'obtaining th©' compo'Uiid ' in : very good 
yield' were" so.on -established, and ' sine© , autaphtholplitliaIei,!i has 
..'some "special' application in biochemistry, it may be.of iiiteres'fc,- and 
a, 'Saving of .time, /to others to.plaoe"on.r6cor.d the following details 
','of '.its preparation. 

; ■ ' The, ''most 'successful .experiment was ■ conduct©,d' as/'foilows. ' .An 
intimat-e'/mixture- , of ' 7 grams ' 'of a-maphthol' . and' ,3”8 'g,ra,ms ' of ^ 
powdered' 'phthalic, . anhydride 'was.,' .introduced '.into-''' a, ',- stout,. /wide-" 
piouthed test-tube, and 0*75 c.c. of concentrated.sulphuric-acid was 
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fielded. The tviilie, wliicli carried a, ihermoiiieter, was partly 
iiniiiersed i;ii a, lieaker half fidl of water, and heat was applied 
until tlie- eon tents of the tube had reached 60^; the heating was 
iiiaiiitaineci for four Iioiirs,, during which period the temperature 
was never allowed to rise above 65^"^* The inixtiire was well stirred 
5„it itde'rvals l)y nicaiis O'f the theiinonietei*. 

The dark green islrh hick, viscous product was extvracted witli. 
water until free from sulphuric acid, after which tlie. semi-solid 
mass was digested, at about 70^ with a litre of 0*5 per cent, solution 
o,f sodium, hydroxide iin.til the extraction of all material soluble in 
the alkali had been completed. The weight of pale yellow, insoluble 
matter (Grabowski’s 'anhydride’) was only 0*8 gram. To the deep 
blue solution obtained, after filtration, dilute hydrochloric acid in 
(piantity sufficient to neutralise about one-half of the sodium hydr- 
oxide' present was added, after which the liquid was saturated with 
ca,rl.)oii dioxide. The pale reddish-brown precipitate of a-naphthol- 
phthalein was collected, washed, redissolved in dilute solution of 
sodium hydroxide, and reprecipitated as before. The weight 
obtained after drying in a vacunni over snlpliuric acid was 2*3 
grams, equal to nearly 33 per ce.nt. of the weight of a-naphthol 
take,n. Sorensen and Palit'zscli, i.ising ' phthalyl chloride, obtained 
a yield equal to 30*5 per cent, calculated on the same basis. ' 

111 ' order to 'ensure a ■successful result in the preparation of 
a-i::iaphth'Olphthalein by the 'method Just described, great' care 'must 
be taken to avoid a rise of tem,peratiire above 65^. Thus, 'when 
the temperature, was maintained at .70—80°, the yield,, was only 
about ' onedialf of that obtained at 65°, whilst at 80—90°, 
Grabowski’s '' anhydride ’ was almost the sole product. 

Excess of . sulphuric acid was also found ' greatly to promote ,th.e 
forma tion, ' of tlia anhydride at the expense of the plitlialein., ' ' 

Attempts to hydrolyse G-rabowski’s 'a,nliydride ,to ,a-naphthoI-' 
plithalein by heati,n,g with dilute acids or alkalis under .the ordinary' 
pressure or in, sealed tubes were unsuccessful. , 

'TR,rx,i'Ty '' ihru/fxasj, 'Ihmxu'N^ [Beoewetk Ntrmniber 'Qth,' 1917,] ' . 
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lY.—The Nitration of 5- (Mid G-AceJ/fAMniiMrS: 4- 
dimethoxy benzoic A aids and 4-/1 y /amrD,<() - 

veratrole. 

By J'oHN Lionel Simon sen and Mabyaii Lopai.a 11a, it. 

The nitration of 2-ace tylaniiiio-3 : 4-dimethox.ybeiizoic acid and 
S-acetylamiiio'veratrol© was investigated by Gibson, Siinonseii, and 
Ban (T., 1917, 1.11, 69), and in view of the results obtained it 
appeared to ns desirable to examine the products formed ijy the 
■nitration of the two isomeric acetylamino-3 : 4-diinethoxyl;)e:iizoic 
acids and of 4-acetylaminoveratrole. 
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B-Acet^lamino-'S : i-cUmetJioxf/hem^ add (I), wliicli' was found 
to be most conveniently 'prepared from h-nitrovanillin tinder tlm 
conditions described in the experim.enta.1 part of this paper, when 
treated with nitric acid gave a ■ mixture of a iiitroacetiyhiiniiui-oiiicl 
■and a neutral substance which, was insoluble in sodium carbonate 
'.solution. The latter substance was found to be 4, : b-dinitro-S- 
acetylainiiio.veratrole ' (III), a substance already described' (Icul 
ciL,. p. 78). , 'The' nitroac'etylamino-acid was readily .shown. tO' be 
^-nUro-^-acdykmhino-^iA-dnmethomyhenzoie add (II), ''since' the 
amiwo-a'cid obtained from it on hydrolysis yielded, when diazotised 
in alcoholic solution,; S-nitroveratric" acid . (IV)* ' ' 

When . ^-ac&tylamino-Z : 4rdim&thoxyhenzoic add (V) was nitrated, 
it was not' found possible to '.avoid -the displacement of the carboxyl 
group, ' and '.'the " sole , product -.'of the reaction was. 
cimmoveratrole: ,(Vi)'* '..The same 'Substance , was' also, 'o,btaine''d , by 
the'. nitra'tioE'.'.'nf :',:4-acetylaminoveratrole\ (VII). ' The'' constittition,' 
of the nitroacetylaminoveratrole was proved by the'' fact' that ', whe'ii' 



CI-AOETYl^AMINO-S : 4 “T>IMETHOXY,BENZOIC 1 ACIDS, ETC, 


23 


tlie a I !ii no-group was ■(l:i.spla,ce<]. i)j hydrogen, d-iiitroveratrole 
(Vl'll) was obtained. 

l,f ilieae resiiit-s are eorisidered in the light of the suggestions 
made by the authors (T., 1917, 111, 224), it will be observed that 
the nitration of S-acetylaniiiio-S : d-diinethoxybeiizoic acid proceeds 
exactly as mighi:' be exi^ected. In the formation of the^ iiitroacetyl- 
arniiio-acid, which is evidently the ].>riri:;iary product' of the reaction, 
the negative carboxyl group appears to exercise^ no direct orieiit-a- 
ting effect except in so far as it neutralises the inethoxy-group in 
the para-position with respect to it; the first nitro-groiip enters 
the ortho-position with respect to the acetylamino-group and the 
para-position with i:espect to the second in ethoxy-group. There 
fippears to be no tendency for the elimination of a inethoxy-group 
to take, place, as has been observed by various investigators in 
somewhat analogous cases, and further nitration of the nitroacetyl- 
amino-acid merely results in the displacement of the carboxyl group 
with the formation of 4 : 5-dinitro~3-acetylaminoveratrole, 

The result obtained in the case of the 6-ac6tylaro.ino-acid was 
somewhat unexpected. In view of the fact tliat both in the case 
of 2-ar^etyIamino-3 : 4-dimethoxybenzoic acid (IX). and of 3-acetyl- 
axninoveratrole (X.) the nitro-groiip enters the para-position with' 
respect' to the niethoxy-g,roup which was in the ortho -position, with' 
respect to the ax^etylaniiiui-gToiip, ■ it .was thought that the 6-acetyl- 
amino-aeid would yield' the 2-iiitro-derivative {XIII). ' 'V' 
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.'■'This 'did not prove' to be the case,, displacement of the carboxyl 
group by the 'nitro-group taking- place. This ■ indicates clearly that 
an acetylainiiio-groiip ©xe'rcises'.much. less-- influence on "-a -mLetho-xy-' 
groupbwhen in the ; para'-position with 'respect d.o, it,,,than - when -.iii. 
the - ortho. I , ThiS; 'view' was ' -supported, -by:' .the- ' fact /.that 4-acetyl- 
aimnoyeratrole,,gave on^ .nitration '■ a-n. 'ex'cellent .yield 'nf,- f)-nitro-4“ 
acetyla-minoveratrole (VI), -no-- trace 'of '.an--, isomerid'a being', formed. : 
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5~Amivo~Z : A<Iivietk(ht^/heNzoic AckL 

For the prepa-rafcioii of this acid, the folltvwiiig iiie'tliod was 
to yield the most satisfactory results (co'mpare Ilaytliiek;, Mrr., 
190S, 36,, 2930). Vanillin (10. grams) was dissolved ether (200 
grams), and a steady stream of oxides of ' nitrogen (prepareci, by 
the action of dilute sulplmric acid on sodium nitrite) 'wa.s led 
tlirougli the well-cooled solution for two to three hours. After the 
addition of a little water, the mixture was allowed to remain over- 
night, when 5-nitrovanillin crystallised out. This was collected, 
and after washing mdth a little ether, in which it was only ' very 

sparingly soluble, it was found to be pure, melting at. 175 176". 

The yield was S grams. 

The methyl a tio.n of 5~nitrovanillin offered considerable ciiUhnilty, 
and, ultimately the following method was adopted. The finely 
■powdered potassiimi salt (dried at 130") was suspended in dry 
toluene, and, after the addition of a slight excess of methyl s'ulpliate, 
the mixture was heated at 135 — >140" for two to three hours in a'li 
oil-bath, when the scarlet potassium salt was completely d'eeo,m- 
posed. The toluene was removed -by distillation in a current of 
steam,' and the mixture of S-nitroveratrole and 5-nitrovaiiillin was 
collected and tritiira,te'd with dilute sodium hydroxide 'solutioii, 
when P'Ure ' 5-nitroveratrole ■ was obtained, the yield being' 50 . per 
' cent of the theoretical. By oxidation with p'Otassium perinan- 
ganate in alkaline solution, a quantitative yield of 5-nitro-3 :4- 
dimethoxy benzoic acid was obtained. 

The barium salt of the nitro-acid.' was readily reduced 'by means 
of: an alkaline solution of ferrous hydroxide in tliO', usual manner. 
On iioncentrating, the solution of the barium, salt of the a.mi no-acid 
'■ to a sma'Il bulk and^ rendering strongly acid witli (M,,)!n:*,ei:i;t:rate<:l 
■' hydrochloric mcid, the separated in a yield of 50 per 
cent, of the theoretical. ' , The hydrochloride was purified liy cry stab, 
lisation' from a .mixture of moist aceto,ne and ethyl acetate .or by 
■' solution ' in . alcohol and precipitation with concentrated' l,iyd.ro- 
chloric, acid, ..when it was obtained 'in woolly needles decanniKBiiiv 
'..'at 235":,' . " 

0*1094 gave 0-0694: AgOl. , Cl = ' 15 * 6 . ■ 

') C 9 Hip 4 N,H^^^ '.Cl==15*2' per cent. 

' Attempts to prepare '.a, pure specimen, ,of the amiiiG-acid ' from i.'he,' 
:: ,hydro(^loride; '.were ' Unsucce'SsM,. - the' amino-acid,' 'darkeni,ng., w,ith 
extreme readiness on exposure to the air.' ';,', 

■ ■ in- fi'ne, '' glistening,,' : 'yellow; iiee'dles 
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wliicli W'ere rea.dily soluble iii wa,iei\ It possessed no definite melt- 
iiig |)oiiit, hut be(nom brown at about 180^ and gradiialiy blackeiiecL 
It wa,.s not incited at 27()'^I For analysis it was dried at 100^^: 
()’1799 gave 0'0432 Pt. Pt-24‘0. 

(GvHii 04 N) 2 ,,H 2 PtCl(> requires Pt-24'2 per centi. 
h-A(-eti/lmmno-'^:4r‘diviethoxyhenzoic acid (I), prepared in tlie 
usual iiiaiiiier from ike liydrocbloride, separated from liot water in 
glistening, fine needles containing one molecule of water of crystal- 
lisation, which was lost on drying at 100^. It softened at 117^ 
and melted at 126^, the anhydrous substance melting at 188*^; 
-0-4385 lost 0*0314 H^O at 100'^. Ii 2 p = 7*2. 
tO-1059 gave 0*218 CO. and 0*0511 IPO. 0-55*3; 11-5-4. 

CViHj^O^NjH.O requires IPO — 7*0 per cent. 

requires C-55-2; H = 5*4 per cent. 

Nitration of h-Acetylamim^^^^ Acid. ikNiifody 

aiadylamMiQ-^ Acid (II), and. 4 : 5-/>im'Iro- 

(III). 

In ■ one experiment, 6-acetylamino-3 : 4-dimethoxybeii2;oi.c acid 
(2 grams) was • gradually added -to nitric acid (D 1’52; 6 grams), 
which was kept well cooled in a mixture of salt and ice. The 
reaction proceeded with considerable evolution of gas, and after 
ten ' minutes the extremely viscid, yellow liquid was poured on' ice, 
when an oil separated which gradually solidified. The solid was 
collected, washed with a little, ice-- water, and triturated , with a 
dilute solution , of sodium carbonate. . The insoluble' residue 
(0*9 gram) was crystallised ■ from 'acetic acid, when it was obtained 
in glistening needles melting at 24P,'and was found to consist of 
4 :5-dinikodPacetylaminov-eratrole, 'identical in' every .respect with 
the. -s'ubstance. described by Gibson, Simonsen, and Ran (T., 1917,' 
Il'l, 78). pom'Kl, N-15*l'. 'Calc., ■■N-14*7 per cent.),, 

The alkaline solution from - which 'the dihit-ro-com pound had' been, 
separated was acidified, when- 'the was, pre-,, 

-cipitated. in pale brownish-yello.'w' -crystals (1*2' -g.rams). - It - was 
purified by -.crystallisation 'from 

. 0-143.' gav-ef 14-'c.c. N-2.-at.32^''and''7'-e0 'mm.' 'N,=:10'.3,. , " 

requires H.— '9*9 per cent.' 

, ,, l A acid' ', .cxystallis'-es 

etraw-coloured' needles' -which., decompose at'-2,20— .22F,.' ' ' It is' readily^ 
'.solub,l'e, in-' a.!cohor,or'„ .acetone,, very- 's-pariiigly .so .in ',w''.ater,-''''l>enzen'e,"'- 
chlor'of.orm,''',-,;or;- 0 thy^ ho.t-. water.,:,' 

Air dried. | Bried at 100°. 
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'Whew lieaied on tlio waier-].>ail:i wills, byclrocliloric Jioicl (fill {mo' 
I'oiit.) for some Isos.irs, it grarliially passed isito soliillosi, rose! ^ on 
neutralising ilie excess o,f iiiineral acid witli ammonia^ tlsC' (itNiriO' 
field separated as a pale yellow, ciystallitie powder. II. was :re- 
crystfillisecl from a mixtiii’e of etliyl acetate a.iid benzene *. 

0*13 gave 15 c.c. N.. at 30° and 760 mm. N = 12*4. 

CoTI^oOo'No requires N=^12*2 per cent. 

: 4:~diniethoxyhenzoic acid crystallises in 
iridescent yellow, prismatic needles which melt at 148°/'" It ;is 
readily soluble in acetone, ethyl acetate, or alcohol, but very 
sparingly so in water or benzene. 

Binzotisation of 6-iV'/i^fo-5-r/rrt7/?o-3 : i-dirnethoxf/h A.md. 

B~WUro-3:4:~di7nefh^ Acid (IV). 

The amino-acid (0‘5 gram) was dissolved in alcohol (5 c.c.), and, 
after the addition of sulphuric acid (1 gram), amyl nitrite (1 gram) 
wuas added' to the well-cooled mixture. The clear solution gradu- 
ally became cloudy, and after some minutes the sparingly soluble 
diazoniiim salt crystallised. This was decomposed on the water- 
bath, and on pouring into water a reddish-yellow solid separated, 
which was found to be a mixture of 6-nitro-3 : 4-dimethoxyb'enzoio 
acid and a phenolic acid. ■ It was therefore dissolved in alkali and 
methylated with methyl sulphate in the usual manner, trea.ted 
with potassium permanganate to remove a trace of phenolic .acid, 
and the solution filtered and concentrated, when, on acidifying, th.e 
nitro-acid was ' obtained as a caseous, white precipitate. It was re- 
crystallised from hot water; when it was obtained in fin© needi(^s 
rne,iting at 185 — 187°, and this melting ■ point' was , iinaltered on 
admixture with a specimen of the fi-nitro-acid.'from another so'urcfn 
As a further proof of the constitution -of- this acid, the methyl es't^cr 

was prepared. It crystallised in fine needles melting jit 1,43- ^I44°, 

which, is ' thC' nielti,ng poi:nt 'of methyl ^ 6-nitro-3 : 4-dim etlio'xy- 
benzoate.' 

B~A€fdrykirnmo-3:4-<iifnethoxid)e^^^^^^^ 

; y, , This substance,' which does, not ' seem' to have .been prej>a:rerl 
,' p.revioiisly,, was, readily obtained; when . the hydrochloride of the 
amiiio-acid, (.Scr., 1876, 9, .94.2) was warmed with' acetic anhydride; 
.It was' crystallised; from ", dilute acetic acid, when it was, obtained i,ii 
..colourless, irregular prisms d6com.pos'mg at' 2 '28°': 

, On, '.one occasion a tcaco' o,f an ac.id was isolated \vliiclV' 'c,it'yst.a.llisecl , i,r:i 
plates 'a,nd melted at a.bout . .I80,'t , It was probably ;,tl:ie iBo.tr').e'i.lc 'infc.ro-n,C'iil'. 

, but .it was''.not'obtairt.©.d 'in sufficient quantity, for, analysis. ■ 
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O' 1857 gavo 10*4 c.c. No at 30''"’ and 760 min. N-DOO, 

(ViHjjjOr.N rfHjiiires N---5*l) ]>er cent, 

Nilrulion of 6“/l, cetylanvm^ : d iml. 

h-NitroA-acetylaminov (mi trole (VI) . 

A large iiiiinber of experiments were made witli tlie view of 
finding a metliod for nitrating tbe amino-acid witliout tlie elimiiia- 
tioii of tlie carboxyl group, but in this we were unsuccessful. In 
one experiment, the finely powdered acetylamino-acid (2 grams) 
was slowly added to nitric acid (D 1*42; 6 grams), well cooled in 
a mixture of salt and ice. The acid dissolved with the evolution 
of gas, and in a short time the whole mass became pasty owing to 
the se.|>aratioii of the nitro-derivative. After fifteen minutes, the 
mixture was poured on ice, and the yellow solid collected (2 grains). 
It was found to be quite homogeneous, and was purified by crystal- 
lisation from alcohol : 

0*1061 gave 11*8 c.c. at 30^ and 759 mm. N = ll*9. 

requires N = ll*7 per cent. 

separates from alcohol in golden- 
yellow needles melting at 196^. It is insoluble in water, sparingly 
soluble in cold alcohol or acetic acid, but more readily so in hot 
alcoliol or acetic acid. 

— This substance was readily obtained 
when the foregoing compound was dissolved in sulphuric acid (90 
per cent.) and the solution heated at 100*^ for ten minutes. On 
|)oiiring into water,, the nitroamine separated ,as a, yellow powder, 
and was purified’ by crystallisation, from alcohol: , . 

0*1054 gave 14 c.c. at 30*^ and 759'. mm. . N=14*3. 

OgH 3 (p 4 N 2 requires- N — 14*1 per; cent. 

' Y}-NUi*()A-(mmovemitTole crystallises 'in ierra-cotta-coloiired' 
.needles - .melting, at 17P. It is 'readily -soluble in acetone , hot 
alcohol, or; hot ethyl acetate, but very 'sparingly, so, in. ben 2 :eiie' or 
chloroform.- It dissolves readily in concentrated'mineral' acids/'biit 
is reprecipitate.d on, dilution. ■The- 'high melting p-oint; of this tiitro- 
amme- .is-'-somewhat remarkable, .and in -order to, .make certain ".that' 

' no change- had' taken place on hydrolysis, ,- it was treated with acetic 
anhydrido,„'when. the acetyl .derivative; melting at 1,96^' was obtaiiied.- 
' ,^The .".-henzioyl ' 'derivative ' crystallised.-: from ■alcoliol' in- .' sulphur- 
yellow,. 'woolly needles' melting- 'at 153-*"154®'. :,- 
-' 'When,. ''dia.'zoti8ecI' -with ■■ amyl' nitrite''" "■;in' :alcoho,lic ''solution.- in- the 
:' usual' ina'iiner, ' the,, nitroamine'' .'gave 'a ’..'nearly qu'a'ntit'ative .. yield,, 'Q.f--, 
4-nitroveratrole melting at ,95—96^. ' (Found, N~7*6. Calc., 
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per cent.) There c;mi. ilierefore be :ii(> doii!:ft as, to it.s imi-' 
stit/utiori . 

4".4 miitov(miiroh. 

Til© prep'aratioii of 4-aminoveratrole by the reduction of' 4-:iii tro- 
ver atrole offered some difficulty owing to the tendency for 
cliloriiiatioii to tak'© place simultaneously. Ultimately, the follow- 
ing method was found to give fairly satisfactory results. d-'Nitro- 
veratrole (10 grams) was mixed with tin (16 grams), and, after the 
addition of a trace of graphite (compare Piiinow, J, pr. Glumi,, 
1901, [ii], 63, 352), hydrochloric acid (50 c.c. of 50 per cent.) was 
added, and the mixture heated on the water-bath for from, two to 
three hours. The yield of d-aminoveratrole, isolated in the usual 
niaiiiier, ' was about 50 per cent, of the theoretical. 

Nitrat-ion of A.-Acetylam.in0veratrole, 

To nitric acid (D 1*4; 6 grams), well cooled in a iriixture of 
salt and ice, finely powdered 4-acetyiaminoveratrole [VII] (2 grams) 
was gradually added. The nitration proceeded with considerable 
evolution of gas, and in a short time the whole mass became pasty. 
After fifteen minutes, the mixture was poured on ice, when a 
yellow, solid separated.- This was collected, and found to' melt 'at 
195°' (1*4 grains). It was crystallised from alcohol, when it was' 
obtained in golden-yellow needles melting at 196°, and was found 
to; he identical in every respect with the 5-nitro-4-acetyIanrino- 
veratrole' obtained by the nitration of 6-acetylamiiiO“3 : 4* 
dimethoxybeiizoic acid (see above) : 

,0*0727 gave, 0*1337 CO. and ■0*0352 lUp. C=r.50*l,; H=,5,'3. 

C10HJ2O5-N2 requires .0=50 *0.; H'=5*0 per cent. 

■ The Peesidency 'College, 

,, Mabkas. ' [Emeived^ Noimmhcr O/A, 1 , 91 , 7 .] 


Y —Studies in Phototropy and Thermotropy. Part 
VIIL Cinnamylideneamines. "Z: i-DiKydroxy- 
hmzylideneamines. 

By Alfebb Senieb and Patrick Hugh Gallagher. 

This communication is a report of further study of the condensa- 
tion products of aromatic aldehydes with amines, the anils, or 
Schiff’s bases, with a view to the discovery and special examina- 
tion of such as might exhibit phototropic or thermotropic change. 
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Previous ■ coiiimunicatioiis have shown thai whilst coriipoiiiids of 
this class are generally theriiiotropic, they are not pliototropic 
unless they contain an hydroxyl gi'oiip in an ortlio-position with 
respect to the aldehyde groti]> of the benzyl iderie iiiicleiis. More- 
over^ the property appears to he inhibited by the entry into the 
nucleus of such substituents as bromine, methyl, or inetlioxyl. 

With one possible- exception (Poresti, A tti Ih Accad. Lincei^ 
1914;, [v], 23, ii, 270), pliototropy has not been observed except in 
the case of solids, and it has been suggested (Seiiier and Shep- 
heard, T., 1909, 95, 1944) that it is not due to intramolecular 
change, but to reversible extra-molecular rearraiigerneiit of the 
molecules into molecular aggregates. In order to determine, if 
possible, whether this explanation or some other is the true one, 
we are endeavouring to discover further instances of pliototropic 
compounds for study. 

We wished to examine the 2-hydroxyeinnainylideneami.iies, but 
practical difficulties at the present time have prevented us. This 
paper contains, however, an account of the preparation and ' in- 
vestigation of the simpler ' ciiinamylideneamines,, ■ and . also ■ of 
2 : 4~dihydroxyben55ylideneamines, which latter contain, in addition 
to an ' odiydroxyl group, another hydroxyl group in the fi-position. 

None of the compounds is pliototropic hetween the lower 
temperature/'’ that of solid carbon dioxide, and ^‘'the higher 
teniperature;’'’ just below - their melting points. Prolonged ex-- 
posure to actinic light, . however, induces permanent fohjmorfliie 
change in , many instances. Thermotropy w-as detected in -nearly 
all case-8. Differences of colour in solution depending ' on . the 
solvent employed were generally observed. The solutions in acetic' 
acid or .chloroform were usually deeper . in -, .-colour than- those, in 
light petroleum, benzene, or' acetone -(compare- Be-nier and Shep- 
heard, T., 1909/.95, 1943). Trituration ' appears to^ yield, a' po///- 
•mor^^hic ^ variety in the .case of cinnamylidene-m-bromoaniline, but' 
■was . not .otherwise observed. No trito'iuminescene© was d-etected* '„ 

.The . 2 : 4*dihydroxybenzylide-ne ' -derivatives' "exhibit / marked 
dichroism.m .solution. , '/.They are -green ' in ,>ery t-liin layers 'Or' .in 
dilute'',.. ,.a.nd . yellow in ' thicker , 'layers. "or .when .the .'.solutions : 'arC' 
'.-co'noentrated.'.. The. green .colour of 'thin layers appears t.O'''pa.rtake 
■of- 'the character, of fluorescence, 'for it. persists ..when vie w.,©d .with', 
light from ','a,/b.lue'. or .violet -iight-filter.,,. " . ' ■ 

Most... of the' c,oinpou.nds,'''.'are -readily.'.formed by 'mixing alcoholic" 
■solutions . of '■ the - aldehyde . a'nd ,b'ase. , The. ortho-substituted anilines, 
however, combine .with, ■ the'- .■..aldehydes. ..'.only on ...prolonged ^ heating -. 
at 100^. A.ttempts. - to prepare--' mono-derivatives -.of -.phenylene*. ..a-nd 
^naphthylen'e-diamines''.....resulted/in: ';the.^' .formation :,'of:,'dhd.eriva.tives..'':/ 
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Tlie source of actinic liglit employed was direct siiiiligiit- or a. 
inerciiry laiap. Tlie compounds dissolve generally in iiie iisiial 
organic solvents; any important exception is noted. 

Ciiiiiaiaylideiieamlme, (Dobner and 

MilleXj Ber.j ISSS^ 16, 1665), consists of yellow plates wliicli melt 
at 109° (corr.). It is changed into a deeper coloured folymorphic 
form by tlie prolonged action of actinic light, and is thern:iotro|}:ic 
at both ‘‘‘the higher'' and '"the lower temperatures.” 


GinnamylidtreMmoarMnes, CeHs-CHiCH'CH’.N'CoHfiCl. 

Ginnamylidene-o-cJiloroa at first separates mixed wit!) 

tarry matter, which may he removed by careful washing with 
alcohol, light petroleum, or ether. After ■ several crystallisatioiiB, 
it becomes nearly colourless, the crystals showing a pale greenish- 
yellow tinge. It melts at 63*5° (corr.) : 

0*1324 gave 7 c.c. at 17° and 767 mm. ^ = 5*96. 

CjgHiaNCi requires N = 5*80 per cent. 

This compound shows no change of colour by the action of 
actinic light or by changes of temperature. 

Ciimamjdideiie-j^-chloroaniline (James and Judd, T., 1914, 105, 
1430) crystallises in pale yellow or, as in our experiment, ini' nearly 
colourless plates which melt at 107° (corr,). It is not. phototropic, 
but exhibits thermo tropy at “ the higher,” and in a less degree a.t 
‘Vtlie lower temperatures.” 

, akmamyUdmdmymoamlw^^^ ' ' 

'(Jmnamylide7ie-i:idyromQaml^^^^ separates froni' alcoholic solution 
n pale greenish-yellow clusters w^hich melt at 74° (corr.) : • 

0*1668 gave' 7*l;c,c. Ng nt 19° and 762 mm. N==4*98. ' 

GigHigNBr requires N = 4*88, per cent. ' ' . 

Slight thermotropy was detected' -both above- , and ' below the 
udinary temperature./ 

Ginnamylidene-m-bromoaniline -(James and Judd,, T., 1914, 106, 
1434) consists/of pale- yellow plates .which- melt ■ at; 1:22° (corr.).' 
^The, above-,, authors found 115-~-116°.) Prolonged action of, actinic 
,ight .produces - a slight permanent deepening' of-, colour, and - slight 
wide-iice - of " thermotropy was -.observed. 

C%namylidene-pdyrQ^^ crystallises from - -.-alcohol, ..chloro- 

nrm„' or .benzene in' pale - greenish-yellow plates- which m-eit -at-"! 2()° 
cwr.)/, A' perniaiient- deepening -in colo.ur' occurs - when,-, this .cohn-'"- 
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poiiiicl is siibiiiitted to the prolonged action of actinic iigiitr, and 
tiieriootropy was observed at ''the lower temperatirre.’'’ 

0*1402 gave 5*9 c.c. at 16° and 768 iimi. N = 4*885. 

C|.yEIigNBr requires N = 4*8S per cent. 

CH X^'H* CH I N “ C^H^Me . 

Ciniiainylidene-o-toiiiidine (James and eJiiddj T.^ 1914^ 105, 
1433), whicli melts at 73°, is not affected by actinic light or by 
temperature changes under its melting point. 

Ciniiamylidene-7??.-t'Oliiidine is neither photo tropic nor thermo- 
tropic (Senier and Sheplieard, T., 1909, 95, 1955). 

Cinnaraylideiie-;^i-tohiidine (Tinkler, T., 1913, 103, 894) consists 
of pale greeiiish-yellow^ plates which melt at 83° (con*,). Slight 
deepening of colour occurred by the prolonged action of actinic 
light. No evidence of therniotropy was observed. 


GmnmmjUdemem^^^ G^Hr/CHXIH-CHINXoH^Me-NOa. 

Oimictm/ylideneA -nitro-odoluicUne forms pale greenish-y el low 

clusters which melt at 126° (corr.) : 

0*1140 gave 10'4 c.c. N 2 at 1,9° and 757 mm. N= 10*54. 

CjiijHigOaNg requires N = 10*50 per cent. 

This conipoiind forms deeper coloured solutions in alcohol or 
acetic acid than in. the other ordinary solvents. ' It is' not photo- 
tropic, but is thermotropic at. " the higher temperature 

: crystallises from alcohol in 
pale yellow leaflets "which melt at 108° (corr.) : . 

0*2388 gave 21*2 c.c.’ at 15° and 767 mm. N=> 10*58. 

' CjeII;, 502 N 2 requires N = 10*50 per cent. 

This compound is not affected ' by actinic light, but exhibits 
thermotropy at both ''the higher” and' " the -lower temperatures.'^'’ 

Ciniiamyiidene-mmitroaniline ■ (James- 'and Judd,, 19,14, 105, 
1434,) is .not thermotropic,’., nor is it laffected by, 'actinic light. 

Qmnamtqflidene^^^^ „ C«Hs*GH:CH-CH:N«,OoH 4 -OM:e, ’ , , is' 

obtained from,.'' solu,tio'nS' in ' alcohol ,in'' large, , yellow plates .wliich,' 
melt,. at 119° (corr.):,-' ■ 

0*1106 ,gave'.5“6. c.c. ,N 2 at 1,6° and 759'mm. .,N='6'*00.',' , 
Gj^iHi^ON.' requires; Np-5'*9;3 per- cent.,.'-" 

'This ■ base, dissolves ' -.sparingly. in cold. - alcohol. , 'Acetic : acid 
change's ' ': '' the , yellow, , ■ crystals ' ' into :-a '■ -scarlet, probably dinwrpliic 
variety^ which we pro'pos-e-'to-.ex-amme further.-': It is .not affected 
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by actinic light, but is slightly thermot'ropio at “ilie lower 

teiiiperatiire/'’ 

Oifuuijru/IM^ M *C ' 1:1. N*C y, I Ipi.lKi, 
consists of pale green, lasii.-ous plates whieli melt o,t 108'''^’ (corr.). 
liike tlie. preceding base, acetic acid clianges it into a red dimorphic 
variety/, wliicli crystallises in prisms. 'It is sligtitly tii(‘riric)tr()pic, 
} 3 ,iit is not pliototropie : 

0*1328 gave 6*2 c.c. Ng at 15® and 767 nim. N = 5‘58. 

Ci 7 H;i 70 N requires N==5'58 per cent. 

C^jH 5 -CH:CH-CH:N“q.H. 5 M::eD, separ- 
ates in pal© yellow needles whicli inelt at 111'5® (corr.) ; 

0*0856 gave 4*3 c.c. at 15® and 764 mm. N=~(>’08.' 

Ci^H^yN requires N — 5*95 per cent. 

This com|)oiiud is not affected by actinic light, but exhibits 
slight theriootropy at both the higher and ‘M:he lower teiiipera- 
tures.'^ 

Cimiamylidei:ie-f cumidine, (Schiff,. 

1887, 239, 384), which melts at’ 105®, is' not ''affected by 
actinic light, but is thermotropic at both ^M:he higher’^ and 
lower temperatures.'’^ ; , 

Ginriamylidenenitro-^-cumldm 

-This base separates at. first in orange-red needles. After several 

recrystallisatioiis, , yellow' ' crystals are .obtained, which revert to 
orange-red on,:, keeping. After further recrystal lisa tio:r,i,s, however, 
the product retains .its yellow.- colour. It melts at 117® (i^orr.),. 
Actinic light has no e-ffect on this base, nor is' it ther;n,iot,ropi,e : ' 

,’0'24-24 gave 20 c.c. Na,at,17® and 759 m;m. 

CigH^gO^Ng requires N==: 9*53 per, eetitv-'' 

", Cimiamylidene-^-naphthylamine, ' 

.(Schiff, Annalen, 1887, 239,, 384), is stated to melt at 95 -96®. 
Our specimen,, melts -at 124® (corr.). (Poiiud, ,N=-'-5*41.' : 
req'uires N'™5*46 per. cent.) 

■- .'This,- base - is' neither .phototropic nor .-thermotropic, l)ut' by ,tli.e, 
-prolonged action' of actinic light it- changes- into a ".deeper' coloured 
■polyfnoTfhiG form. 

: C'imiamylidenecarnphyla^^ was.;' p,repared-, but ,as it },)roved' "to,- 
be -a --'liquid and'' the -quantity was small, "we did not proceed with it 
Turther. :' , ' ::'AA'''''- 

./BwmiamyUdene‘‘-^fhmylenediamme^ ■ - 
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separates from alcoliol as a pale y-ellow powder wliicli melts at 
i!()9^ (corr.). It is not pliototropic or tlierinotropic : 

0“1802 gawe 12*6 c.c. Ng at 17^ and 760 mm. ]S[r=8’04. 

C 24 li 2 o ^2 requires N = 8*34 per cent. 

Dicinnam.yUd€ne~o-na2MJiylenedm^^^ 

(CcIiYCH:CH-C'H:N) 2 CioH,, 

separates readily in brick-red crystals, but on being left in contact 
with the solvent, they change into a viscous, red tar. By cpiicMy 
recrystallising several times from alcohol, and subsequently wash- 
ing with ether and drying, the compound melts at 136^ (corr.) : 

0*1364 gave 8*7 c.c. No at 21° and 766 mm. N = 7*66. 

requires N“7*74 per cent. 

This compound dissolves in the usual organic solvents, giving 
blood-red solutions; the solutions in ethyl, methyl, or amyl alcohols, 
and in ether, ethyl acetate, or acetone, exhibit a strong blue 
liiioresceiice ; those in toluene or xylene are slightly fluorescent; 
those in benzene or nitrobenzene are not fluorescent. On keeping, 
even in the dry state, this base changes into a dimorfhic variety 
of a yellowish-grey colour which melts at 112 ° (corr.). When dis- 
solved, this modification appears to revert to the original compound. 

Diciniiamylidenebenzidine, ■ (Cy:IrpCHICII*CH‘.N*C^H 4)2 (Schiff, 
Anmilen, 1887, 239, 385), is obtained easily as a 3 ^ 6 llow powder. 
It melts' at 249° (corr.).: Acetic acid dissolves it, forming a , red 
solution, but it is only sparingly soluble in the other organic 
solvents. It is thermotropic at '‘Hhe higher temperature/^ but is 
not affected by actinic light : 

()*1098 gave 6‘4 No at 16° and 768 mm. , N=:6‘92. , ■ ■ 

C>qI:L 4 No requires N==6‘80 per cent. 

, 2 : e/rmjliclenemvilm^^^^ (OH) 2 C 0 H 3 *GHIN*C(jHr„ forms 

pale greenish-yellow needles from, solution in. most organic solvents. 

' It melts ^at 99*5° (corr.) (Dimxoth and ' Zoeppritz, Tier., 1902, 35., 
995, give 125—126°, and Gattexmann, Annalen, 1907, 367, 336, 
gives 131°). (Found, 'N=6*39, requires N = 6*57 per,, 

cent.) 

This ' compound ' is thermotropic,' both at the. higher and, the 
lower temperatures,;' it is 'not pliototropic, , but 'changes unto, .a 
', deeper coloured fohjmorfhic form on prolonged exposure"., to actinic 
■light. 

: % : 4:’^I}ihydro()cyh£nzylidene-oA)t0mm^^ 

. ‘ ' (OH)AHs-GH:N*.Ca^^ 

■:^----Th 6 ,'-pi|iuct.,consi^^^ 'of,,' a’,'.reddish-yelloW' tar,"' which ■ eventually 

. 'Solidiflecl, ' ■ and yielded, by" "treatment with . solvents, ■ a ■■■ '.reddish-yelloW', 
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aiiiorpiioiis powder; tills separated froit) beiitseii© solution in cTrysta'k 
iiieltiBg at 9P (corr.) : 

O’ 1210 gave 5*0 c.c. No at 22^^ and 762 nun. N — 4i)8. 
Ci^HiQO^NBr requires N = 4*79 per cent. 

This compound is thermotropic both at ''the higher';’ and “the 
lower temperatures/' and yields a folymorphic form by long ex;- 
pos'ure to actinic light, but is not phototropic. 

2 : 4z-DihydroxyhenzyUdene-m-hrornoamlme.— The first product 
of the reaction iS' a deep red liquid which soon solidifies. Tlie 
substance separates from benzene solution in deep yellow crystals 
melting at 111*5*^ (corr.) : 

0*2829 gave 11*8 c.c. at 15^ and 751 iiim. N = 4;86. 
CigHiQO^NBr requires N = 4'79 per cent. 

The yellow crystals are changed into a red dimorphic form by 
contact with acetic acid or benzene, and an orange-coloured product 
was noticed on prolonged exposure to actinic light and also oii 
trituration. It is not phototropic, but exhibits thexmotropy at 
“the lower temperature," 

2i4:-Bihydromyhemylidene-p--hromoanili7ie . crystallises in paJe 
greenish-yellow needles from alcohol, . chloroform, or acetone, ,or in 
plates from acetic acid or benzene. It melts at 124*^ (corr.): 

' 0T840 gave 7'6 c.c, N2 at 16®' and 751 mm. N = 4*78. 

^is^ioOgNBr requires N = 4*79. 

This base is not pliototropic, but changes to a deeper coloured 
polymorphic form on long exposure to actinic light. It is thermcB 
tropic at both “the higher" and “the. lower teinperatiires." 

. 2i4^--BihydToxyhemyUdene-mrtolmdinej 

• (oh)2C6H3-gh:N“C,H4M^ 

The first product of. the 'reaction consisted of :,a 'Xnass' ().f scar led; 
crusts and yellow needles (dhnorpMo forms). Oi|eiystallisation, 
the .whole separated in, yellow needles, which melt' at/137® (corr,): 

. 0*0976 gave 5*1 c.crNa at '20® and 762 mm. N = 6“05.'' V 

^14^13^2^- ^^quires 6* 17 per cent, 

.This coinpound is thermotropic -'hoth at “the higher" and “the 
lower temperatures,"; it is not photo.tropic, but acted 'on by aciiiiir? 

dg.ht.yields 'a deeper colour ed,_;po%morj? Am /ofw. 
''■''f^-4r-l)ihydroxyhm^zyUdone-^^^ 

(oh)2C,H3-ch:n-c,^^^^^ 

separates', from' .'acetone iu' yellow needles orTrom alcohol iii veliow 
plates. „„ . It ..melts at 160*5® (corr.) : ,, ■ 

■ 0;. 1220 ..gave 5'6 ex. N2 at 20® and 762' mm. N™5’3iV ' 

' C17H13O2N . requires. N =^5*32 per -cent.,: 
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Tills compound is not affected b}’' actinic ligM, but is tliermotropic 
at til© higlier temperature, changing to an orange tlieriiiotrope. 

2 : i-TMhydro-jyyh enzylidenecamiyliylan^^ 

(0H)ah3-gh:n-cHs-C9H,,. 

— Pale greeiiisli-yeliow needles of this compound separate from 
solutions ill alcobol, cbloroform, benzene, or acetone. These melt 
at 133^^ (corr.). In acetic acid it dissolves, forming a colourless 
solution — a dimor;phic form — but from this solution we were only 
able to obtain a small quantity of a yellow oil. The yellow 
needles are not phototropic, but are slightly thermotropic both 
at the higher and at '^ th© lower temperatures : 

0*1537 gave 7 c.c. at 15“^ and 768 mm. N-5-04. 

C 17 H 23 O 2 N requires N = 5'13 per cent, 

‘University CooEEaE, 

G-alway. [Beceived, December Zrd^ 1917 .] 


Nl— Studies on the Sulphonation of ^-Naphthylcmiine. 

By Arthxju George Green and Kapilram II. Vakil. 

The isomeric jSmaphthylaminesulphonic acids are of considerable 
importance in the dye industry partly as such and partly ' for the 
preparation ,of other intermediate . compounds. It therefore 
appeared to be of interest to submit the sulphonation of /3-iiaplithyl- 
amine to a more detailed .study than has yet been published, 
directed to ascertaining the mechanism of the reactions .involved, 
the circiimstaixces; favouring' the production of' the respective 
isoiiierides/'and bth© . conditions for the conversion' of one into 
.another. , ■ ^ . ■ 

Previous workers Tiave 'shown ■ (Badische Aniliii- k Soda-Fabrik, 
B.R.-P., 20760; Dahl & .'Co., B.P., -7712 of 1884; Bayer aiid DuiB- 
beTg, ..iier,, 1887, '20, 1426VForsling, Aen, 1886,' 19, 1815;' 1887, 
■SO, '2.103 ; Green, .'T., 1889, 55 ,. 33 ) / that th©. .siiiphonato 

■ ..jS-'iiaphthylamine^ gives rise to. four monosulphonic acids,'' originally 
■■ distinguished by .the prefixes .a, -jS,'.*)/, and , 6 ,'. to which, principally 

'through. ■ the researches . of .' Armstrong and ' .Wynn© (P.,,. '..1888, '4, 

' 105; 1889',. 5,."..'48.;,' .1890, 6 , .128), the 'respectiv'© coiistitutio,ns '2':8, 
2.: . 6 ,". 2": 5,'.,'''and .2.: 7 have ■'■.been'-, .assigned. ; , Of 'these '''isomeric vacids; 

■ th'G'se , ' .cO'Htaining ■ the sulphonic .■ .group .. '' iU'' an . exposition, ' namely, 
'..the . 2 .' .'; '8 ■a.iid'...,the' 2 5, . acids^ .'.are .simultaneously..' 'formed b.y ..sulphona- 
tion at low temperatures (15^ to 100 ^), whilst those containing 
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tli6 sulplioilic group ill a ^-position, iiaiiioly, the J : 6- iiio 
acdds, are foriiied Biiiiiiltaiieoiisly by sulpbonatioii afc liigli teiripera.-- 
tiires and above). The two hoinoniideal sti.lplioiiic acids., 

2 : 1 and 2 : 4, have so far not been obtained by tli© sulplio:iiat;io:i'i 
of ^-iiaplitliylamiiie, but are prepared by tlie action of aminoiiia 
on the corresponding snlplionic acids of 0maphthoL 

E XPEPvIMENTAD. 

The snlplioiiations were carried out under exactly comparable 
conditions^ using a wide-mouthed, round-bottomed ilask of 300 c.c. 
capacity closed by a rubber stopper, through which passed a glass 
tub© terminating in a fine orifice in order to exciud© the entrance.' 
of Moisture during the operation. Ten grams of pure ^-uiaplitliyl- 
amine (twice distilled, ni. p. 112°) were used for each sulphona- 
tion. This was coarsely powdered so as to pass a 30-iiiesli sieve, 
and added during ten minutes to the sulphuric acid contained in 
til© ilask, which was constantly shaken. The quantity of siilpliiiric 
acid used was four parts (40 grams) of 96 or 100 per cent, acid, 
or three parts (30 grams) of fuming sulphuric acid containing 
20 per cent, of sulphur trioxide. As solution occurs, the teinperar 
tiir© rises to nearly 60°, and; if sulphonation below this tempera- 
ture is 'desired, the flask must be- cooled from time to time. As 
soon as solution was effected, the -flask was stoppered' and iniinersed 
in an oil-bath,' the temperature of which was carefully regulated, 
where it was maintained at. the requisite temperature for the time 
speci-fied'. The product was -then mixed with 100 c.c. of water, and 
any lumpS' that -were formed ' were -broke-ii down with a pestle. 
After' half an, hour, the precipitated sulphonie. acid was collected on 
a Biich.ii'©r',fimiiel and washed with 75 c.c.- of cold w'ater, care being 
taken .'to keep, the surface -unbroken. The precipitate was i.hen 
■ transferred ' to a: porcelain .dish, 'mixed to a fine paste with 50' e.m 
of water, the 'mixture being heated to boiling and neutralised with 
2i¥-sodium hydroxide, : using' 'phenolp-hthalein U'S indicator. ,l,riie 
quantity, of sodium .hydroxide required for neutralisation i-,ridi'Cates 
-.whether the sulp.hona tion has proceeded correctly and wlietlier the 
'.product has. been washed- free from sulphuric acid. If, an iiicorreot 
quantity . was used, the -experiment was rejected.. After cooli,rig 
(and filtering to remove any. j8-naphthylamin© if .present), the^ solu- 
tion of' the sodium salt 'was .evaporated to dryness -o'n .the water-, 
bath, dried, sharply at- 100-~-105° , and'Weighedb Iii' nearly every 
case the yield was about 96 per cent, of the tbeoretioal. 

For the separation and estimation of the isomeric acids, use was 
made, in the first place, of the insolnhility of the sodium salt of 
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tlie 2 : 8-isoiiieride in 90 — 94 per cent, alcohol (Dalihs ruethocl). 
Tile sodium salts entering into solution consist of the 2 : 5-isomeride, 
together with any 2:6- and 2 : 7-isomerides that may be present in 
the sulphoiiation mixture. For the separation of the former from 
the two latter, a satisfactory method, based on the different solu- 
bility of the silver salts, was discovered. Whereas the silver salt 
of the 2: 5-acid is fairly soluble in water, the silver salts of the 
2 : 6- and 2 : 7-acids are very sparingly soluble and separate as 
white, silky precipitates on adding silver nitrate to even dilute 
solutions of the sodium salts. 

In carrying out these separations, the dry sodiimi salt, obtained 
as above, was well powdered and a weighed quantity (15 — 16 grams) 
was extracted three times in succession with boiling 92 — 94 per 
cent, alcohol, using at each extraction about 90 grams of alcohol 
and boiling for fifteen to twenty minutes. The filtrates were 
united, the alcohol was distilled off, and the soluble and insoluble 
sodium salts were weighed after being dried. The latter consisted 
of practically pure 2 : 8-sulphonate, whilst the former was free 
from this salt, but contained the remaining' isomerides. For the 
estimation of the 2 : 6- and 2 : 7-acids, 1 gram of the alcohol-soluble 
salt is dissolved in 20 c.c. of water in a small conical flask provided 
with a rubber stopper. Silver nitrate (5 to 10 c.c. of iV/5-soliition) 
is added, the mixture well shaken, and the precipitate collected 
after remaining for three or four minutes. The precipitated silver 
salt is washed with cold water and dissolved from the filter by 
ammonia. The solution is diluted to 100 — 200 c.c., boiled, and 
acidified with hydrochloric acid. The silver chloride is collected 
on a tared filter-paper, washed wnth boiling water, and weighed. 
From the weight of silver chloride obtained, the percentage of' 
2:6- and 2:'7-acids is calculated, the difference being the 2: 5-acid.' 
The hot filtrate on cooling ..deposits the 2:6- and 2 : 7-acids ' in 
glistening plate-s. The. accuracy of the method w^as demonstrated 
on mixtures ' containing known proportions of the respective 
isomerides.. , , 

The following numbers represent, in nearly all cases the results, 
of at least twO' concordant experiments. 

Effect of Temperature. 

• Tn,' this series, of „ experiments, . sulphonation .was ''.effected' '.with,, 
four 'parts :Of, 96 .per cent, sulphuric acid for five hours, whilst, ' the.' 
temperature was" raised from 40®" to 120®. 
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Percentage of isornoric 

acids 

i 11 s 

No. of 






cx|.>c^ri:mon,t. 

Temporature, 

2 ; 8 . 

2 ; 5. 

2 * 

i) and 

1 

40 ^ 

38 

61-6 


0-4 


60 

36 

63-5 


— 

2 

80 

44 

55-3 


0”7 

4 : 

90 

42 

57“3 



5 

100 

41 

58-3 


0-7 

6 

120 

26 

66-5 


7-5 


111 experiments 2 and 4, the amount of 2:6- and 2 : 7~acids was 
not determined, but an average value was assumed in arriving at 
the percentage of the 2 : 5-acid. 

It is seen that the maximum yield of the 2 : 8-acicl is obtained 
at about 80^ and diminishes with increase of temperature above 
thivS limit, whilst it is also somewhat less at lower temperatures. 


Effect of Time, 

The siilplionatioii was effected at 80^^, using the same proportion 
of 96 per cent, sulphuric acid as in the previous series, but the 
time of' reaction was varied from ten minutes to twenty-five hours. 


Percentage of isomeric acids in proclnct. 

No. of . 


experiment. 

Time, in hours. 

2 : 8. 

■ 2:5. 

2 ; 6 and 2 ; 7. 

. ,7 

1 

42 

57*3 

0*7 

8 ' ' 

2i 

43 

56*3 

, — 

9 

5 

44 

55-3 

0*7 

10 

10 

43 

55-1 

1-9 

li 

15 

37 

614) 


12 

20 

36 

614) 

■ 2-4 

13 

25 ■ ■ 

35 

624) 



111 experiments , 8, 11, and 13, the amount of 2:6- and '2: 7-acids 
was not determined, but an assumed ' value wa'a used ' in arriving at 
the percentage of the , 2 : 5-acid.' -The sulphoiiation • is just coni- 
pleted within one hour, a ■■ shorter ■ time than this lea/ving a little 
unaltered jS-naphthylainma. .■ 

. Ill order to ■ ascertain the ' effect ..of reduci.ng, the time of reaction 
to the : lowest possible limit, .the following sulphonation was , e.l[!ected 
in. about ' fifteen .minutes at -50— 60°.. About 10 per cent, of the 
A-naphthylamine remained unsulphonated, and was collected after 
' ..dissolving the' acid in' ' sodium ’ carbonate solution. , 


Percentage of isonieric acids ill .prod uct. 

' .No., of ., ■ , "'Time and. / — — — ^ 

.experiment. ' , . ' temperature. . 2.,* 8. . 2. : l>. '■ ' 2 : 6and 2 :'7, 

14.,,'...,,,,.,.,,.., '15 minutes 28 71*2' |)'8 

'■"..at 50-60^...'. 
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Effect of Strength of Sulphuric Acid. 

Ill order tc) determine the effect of the coiiceiitration ol:' the acii'L 
siilp'iioiiations were conducted at varj^iiig temperatures with 9:2, 
96 (results already given), and 100 per cent, siilpliiiric acid, and 
also with fuming sulphuric acid containing 20 per cent, of sulphur 
trioxide. With one exception, the time of 'reaction was fixed at 
five hours. In the experiment marked with an asterisk it ivas only 
ten to fifteen minutes. The following table gives the percentages 
of 2: 8-acid found. W'hen 92 per cent, sulphuric acid was 
employed, about 10 per cent, of j8-iiaplitliylaroiiie escaped 
siilphonation. 

Acid strength. 


Tempera- 

02 

96 

100 

20 

ture of 

per cent. 

per cent. 

per cent. 

per cerita 

siilpboiiatioi'i'. 

■H.8O4. 

■ HaSO,. 

HgSO^. 

SO,, 

20^ 

— . 

— 

33 

— 

40^' 

— 

38 

39 

38^ 

60° 

. — 

36 

38 

— 

80° 

40° 

44 

40 

46 

00° 

— 

42 

— 


100° 

— 

41 

23 

— . 

120° 

.. — 

26. 

32 

— 


The percentage of 2 : 6< and 2 ■: Tdsomerides was only determined 
in the alcohol-soluble sodium salts obtained from the series of 
sulphonations made at 80®: 


With '92 per cent. HaSO^ .... 

.. 0*9 per cent, of 2 : 6 - 

and 2 : 7-acids. 

» - 06 

„ - H 2 SO 4 .... 

... 0'7 

#j jj 

99 

» 100 

„ HjSOi ... 

... 1*5 

fj 9'!» 

99 

„ 20 

SO 3 

2*7 


99 


Oonchmons. from ahove EesulU. 

,, It would a])pear from, the results obtained that withi.n' tempera- 
tures ranging from 20® to 80® there is- only a small variation in 
the proportion' of the 2: 8- to -the 2 : 5-isomeride, which 'togethe-r 
constitute 97 — 99'5 : per cent, of the- entire', siilphonation product.' 

The effect 'of variations, in time is - very , similar p for - periods 
between one 'hour and, ten hours there is little difference in the, 
proportion-' of'ihe,'isomerides .formed.--' Also within 'these .limits of 
-temperature and.-time the .strength- of the sulphuric,, acid- 'appears' 
to'.exert; but ' little -influence, '-with -'the .exception -that at-. .80®,-' a 
sm'al!' rise- in' the,- amount 'of ''the 2.,: 6- and :'2 : 7-isoinerides ..is' notice-' 
able, ' .'with .■.a',n increase in - theleon.centration of .-"sulphur,' tri-oxide. ' 

.' Althoiigh/ w,i'tM,n'- .the of . -time -and' 'temperature '':,mentio,n'ed ; 

the proportion of 2:8- and 2: 5-acids does not greatly vary, the 
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lowest teiri|wtratvi'ires and sliortest time of reaction vseeiii. to favour 
tflie prodiictioii of tlie 2:5~aci(L 

A'i:)C)V6 tlie limits of time and temperatnro defliiecl^ a inoivj 
marked variation becomes apparent, tlie time and teiiiperataire at 
wbicb this clia,nge sets in being somewhat, lowered as the coiiceii- 
tration of acid is increased. In proportion as the tcrin/pe-ratiire oi' 
80 ° is exceeded or the snlphonation period (at 80 °) is prolonged 
beyond ten lionrs, the percentage of the 2: 8-acid falls, wliilst tliai; 
of the 2:5'-acid rises. Simultaneonsly therewith there is an in- 
creased production of the 2 : 6- and 2 : 7-acids, the quantity of which 
reaches 7'5 per cent, with 96 per cent, sulplmric acid at 120 °. 

This curious result can only be explained' in the following way : 

The proportion of the 2 : 8-acid existent at any particular tiin© 
and temperature may be regarded as a combination of two factors, 
namely, (a) the proportion of the 2:8- and 2 : 5-isomerides formed 
simultaneously in the first instance, and (h) the aiiiouiit of sub- 
sequent conversion of the 2 :8- into the 2 : 5-acid. Whilst in regard 
to. the first factor low temperature and qxiick reaction would seem 
to favour the formation of the 2: 5-acid, with regard to the second 
factor ' it would appear that the isomeric change of the 2 : 8- into 
the,. 2 : 5-acid only comes into evide,nce at temperatures above 80° 
and. for periods of' heating (at 80°) more 'than ten hours. In other 
words, it, may be assumed that for temperatures below 80° 1,1 n 3 
proportion of the 2:8- and 2 : 5-isomericIes is ' a fixed one for a. 
particular te.mperature, the sulphonic group entering simiilta-iieo'iisly 
in .the 5- and 8-positions. The proporiron so fixed is fairly siahk 
.and can only be disturbed by heating to ' temperatures above BO'b 
"by prolonged action of sulphuric acid, , or by .'the usc,rfi. adiigher 
concentration of sulphur trioxide. ' The ■ sidplioiric group then 
comm,e.nces to wander from-the 8-positio:n, to the 5*pc)siii(>ii. 


IjXp&rinientg on Isomitfimtion, 

, In order to 'test the validity o.f the foregoing hyi'Hjihesis, 
behaviour of pure, 2 : 1-, 2:8-,, and 2: 5-acids towards siilphitric acrid 
.was studied 'under the , conditions -existent during siilphoiiatioii. 

Imm&nmt'mi of the 2 -,1- A cicL— It has been suggested that the" 

" fi,rst'Stage, 'iii the'.sulphonation of ^-naphthylamiiie may be the entry 
, -of .the "sulphomo group, in the 1-position, to be -quickly followed by. 
.a .transposition'' to the 5- and 8-positions. We have, not been able' 
111 any ms.tanc'e to detect the, 'presence of the 2 : 1-acid, even when 
the sulpho-'nation -had .h.een conducted at , the lowest posB.ible temperri--. 
turo and:m; the 'shortest -time.^- -;,If, therefore, the “2 :.,l-a,ci(l is "'.a,tt 

dQL^ionZTfh^ hodge,'-,wo- have ,0mployod-' for "the- '' 

defection of i3ie;2 -r bacid the'delicate reaction with :.'brom-iTO', 'water .in the ' 
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intermediate product^ it iniist undergo i^onierisatioii witii great 
rapidity. In order to test tliis point, tlie folloY/iiig experiments 
were carried out. 

A . — A quantity (17 grams) of the pure sodium salt of jS-napMliyl- 
aiiiiiie-i-siiipiionic acid equivalent to 10 grams of jS-naphthylaiEiiie 
was lieF^ted with 40 grams of sulphuric acid (96 per cent.) for five 
hours at 80°. Disappearance of the 2 : 1-acid only took place 
slowh^. The product was worked up in the usual manner, the 
resultant dry sodium salt weighing 17 grams. On extraction with 
alcohol as usual, 46 per cent, of the 2 : 8-acid, was obtained, whilst 
the portion soluble in alcohol consisted of 52*5 per cent, of the 
2:5- and 1*5 per cent, of the 2:6- and 2:7-aGids. 

JJ . — Another experiment was performed under the same condi- 
tions, but with 100 per cent, sulphuric acid. 'The change of the 
2 : 1-acid again occurred very slowly, and it was possible to detect 
it by the bromine test even after three hours' heating. After five 
hours the transformation wms complete, and the product was then 
found to contain 40 per cent, of the 2 : 8-acid. 

60— In a third ■ experiment, made with 96 per cent, sulphuric 
acid, the mixture was heated only for ten or fifteen minutes to 
50—60°. In this case, 8 per cent, of jS-naphthylamiiie was obtained, 
whilst the greater part of the product was unchanged 2: 1-acid. . 

From the formation of jS-naphthylamine in experiment and 
the .production of the isomeric acids in experiments A and B in 
the same proportion as they are' obtained by the direct sulphoiia- 
tioii of ^-iiaphthylamine, it may be infeiTed that the isomerisation 
is brought about by hydrolysis of' the 2 : 1-acid to 0-naphthylamiiie 
and subsequent resulphonation. In view of the considerable 
stability of the 2 : 1-acid under the conditions of sulphonation, it is 
clear that this acid cannot be an intermediate stage of the dmect 
sulphoiiatioi'i. Tle'uce in the' latter, the sulphoiiic group must 
enter the second nucleus directly' and not through intermediate 
foriiiatioii of ' the liomomicleal isomeride’. 

Isomerisation of the ^iS-Acid . — ^The pure 2; 8-acid 'was heated 
with sulphuric acid (96 per cent'.) at 80° for five hours.. On ■work- 
ing' up the product as usual,. it .was found that 32 per cent.. 'in 'one. 
'Case 'and 27 .per '.cent, in another, had' been" converted ■ into'' the 
'2 :.'5”isomeride. . , The rate of- this ''transformation .under .'diffe'rent' 

Go'Id. 'by, which .i-Tbromo-a-naphthyiaixime is: formed with the eliminatioii of 
, sulphuric,' acid, This reaction may also be .'used for, the ..'quantitative' estima- 
"tion. of the 2 ;,l~acid,'by, weighing .the, .sulp'hurio acid eliminated ,'as barium' 
sulphate. All other monosulp'honie acids' of ^-naphthylamine. give bromiaated, 
.acids'.' without "eliin.mat ion of 'the sulpho3aie group (compare'' Y&uhQ\: Zeitsch^ 
'■a%em:'''6,/icr»b '1900, ''I:'''.'.'' .•V'.,,,,'''',' 'V' V',' 
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coiiciitioiis is sliowii in tlie following series of • experinients^, in 
wliicli tlie pure socliiim. salt of tbe 2:8-aGid (10 grains) was lieatecl 
with, siilpliiiric acid (80 grams) at varying temperat/iires and con- 
ceiitratioiis for a period of ten hours. 

2 : 5-Ac.i,d 
formed (coii“ 
taining less tlia.n 



Temperature, 

2 : 8-Acid 
unconverted. 

1 per cent, of 
2 ; 6 anti 2 : 7). 


80° 

78*5 

21-5 


[ 90 

72-8 

27-2 

With SO pel 

' ! 100 

70-7 

29-3 

cent. H. 2 SO 4 ■ 

1 110 

7L3 

28-7 


1 120 

69‘8 

30-2 


( 90 

63-7 

3fn3 

With 90 per 

1 100 

62-3 

37*7 

cent. 

1 110 

67-2 

4:2-8 


1 120 

66-3 

43-7 


Isomerisatiofi of the 2: 5- Acid, — In a similar series of experi-, 
mentSj the pure 2: 5-acid was subjected to the action of 96 per 
cent, sulphuric acid for live hours at 80^, When worked up as 
usual, the product gave a sodium salt completely soluble in alcohol 
and containing no 2 : 8~acid, It consisted almost eiitirel}?* of un- 
altered 2 5 -acid with a very small percentage of the 2:6- and 
2 : 7-isoinerides. 

There is therefore no equilibrium established between the ,2 : 8- 
aiid 2: 5-acids in a sulphuric acid solution, for the isomeric change 
occurs ill o.iie direction only, namely, from 2:8 to 2:5. 

Eelative Mate of Ilydroh/sis of the Isomeric Sulphonic Acids. 

■Whilst the sulphonic group in ^-naphthylamine-l -sulphonic acid 
is ■ somewhat readily removed, the heteroiiucleal acids are ' more 
resistant,' although no 'data are available as to the relative facility 
,with which the different isomerides ' undergo hydrolysis. It 
appeared probable that' in such . differences might be found an 
explan atiO'U of the above facts; 

'With this object in ■ view, 2 grams of' the pure sodium salt of 
"the '2: 8-acid was heated with 20 grams of " sulphuric acid (60 per 
.cent.)' in a ■ small' weighed . flask on a -sand-bath. The water was 
allowed to evaporate 'slowly, whilst.- from time to time samples were 
withdrawn and tested for - jB-naphthylamine by neutralisation with 
■" sodium , hydroxide. ' ' No hydrolysis . occurred until the temperature 
'.'.reached -At 'this point, 'which was found to corresp.ond -with 
_.a co'ncentration of' ,7'0; per -'cent.-, sulphuric acid, the .imdissolved 
I sulphonic acid - passed, '''into' solution,'.- and at 'the' same him'© 
I 0-naphthyIainine"„was: forme’d.' ' 
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111 a similar experiment witli the 2:5-acicl. solution , and hydro- 
lysis did not occur until a temperature of 160° was readied, corre 

spoil cling with a concentration of 75 per cent, siilpiiiiric acid. 

With the 2:6- and 2: 7-acids, no evidence of hydrolysis could 
be obtained even at 175°. The relative facility with wliicli the 
isomeric acids undergo hydrolysis to jS-naplithylamiiie may there- 
fore be expressed thus; 

2:1>2:8>2:5>2:6 and 2 : 7. 

It may therefore be concluded that the gradual conversion of tli-e 
2 : 8- into the ,2 : 5-acicl during long heating with sulphuric acid at 
temperatures of 80° to 120° is brought about by repeated hydrolysis 
of the 2 : 8-acid and resulphonation of the /3-naphthylaiiiine pro- 
duced. At each resulphonation, about 40 per cent, of 2:8- and 
60 per cent, of 2 : 5-acid is produced, the former of which is again 
hydrolysed to jS-naphthylamine, and so on. 

Simultaneously with the conversion of the 2: 8-acid into the 
2 : 5-acid, there also occurs to a less extent a transformation into 
the 2 : 6- and 2 : 7-acids. The last change, w^hich is negligible below 
100' — 110°, becomes considerable at temperatures above • 120° 
(especially when sulphuric acid of high concentration is eiiiployed), 
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iiiitii at ISO-— -160'^ tlie and 2 : T-isoinerides •constikite tlie iria-iri 
product of siilplioiiation. It appears probable that tlie'^'orinatioii 
of the latter acids is due to concurrent disulplioiiatioii /and hydro- 
lysis, ill wliicli sase the 2: 6-acid would originate from the 2:8- and 
tile 2 : 7-acid from the 2:5. 

The entire iiiecliaiiism of the sulphonatioii may probably there- 
fore be expi*essed by tlie above scheme (S=^SOoH): 


(Jo'P'per cvnd Silver Salts of the Isomeric Snlplionic Acids, 


111 seeking for a method of differentiating and estimating the 
isomeric addsj we have studied the behaviour of solutions of tlieir 
sodiiini salts towards copper sulphate and silver nitrate. The 
results are given in the following table : 


Acid. ■ CuSO,!. 

2 : 8 Slowly deposits a reddish- 
orange precipitate. 


AgNOs. 

Kather sparingly soluble 
precipitate. 


2 


Deep red solution, but 
no precipitate. 


jSTo precipitation in iiiodor- 
ateiy concentrated solu- 
tions. 


2;6 ' Sparingly soluble yellow Very insoluble, white, silky 
precipitate. precipitate. 

2 : 7 Sparingly soluble orange- Similar, but yellower, 
yellow precipitate. 

1 ^ ' 

Til© siiv-er salts of the four isonierides have been prepared in the 

solid state, and form nearly colourless, crystalline powders. On 
analysis, the following results were obtained:' Found, .2:8, 
Ag==32'7; 2:5, Ag = 32-8; 2:6, Ag=:32*9; 2 : 7, • Ag = 33'0. Calc., 
Ag = 32*73 per cent. 

Determination ..of their solubilities in water , at 15° gave the 
following results., ' the iiumhers indicating parts of water in which 
one part of the respective acid dissolves: 2:8, 300; 2: 5,' 70; 2:6, 
4900; 2:,7, 2800. 

■We 'desire to express our thanks to Messrs. Levinstein, Ltd., 
who have kindly supplied us 'With the' materials recpiired in this 
.investigation. 

'DVESTUPrS.HESEAEOH'LABOB.A'roitV,' 

, / 'Mukigipal School OP Techkology, 

, Manchester.’ [Bccefrcd, Udo-irnnher lWi, 1917.] 



MASOF AOT WHEELEB : THE EFFECT OF TEMPERATURE, BTC, 45 


Effect of Temperature mid of Pressure 
on the Limits of InflammaMlity of Mixtures of 
Methane and A'lr, 

By Walter Mason and Eichard Yernon Wheeler. 

A 'Aimit” mixture of an inflaniiiiabie gas witli air or oxygen can 
be clefiiiecl as siicli tliat tbe beat evolved by the combustion of one 
''layer’" of tlie mixture is sufficient, and only Just sufficient, to 
raise to its igiiitioii-temperatiire tbe layer adjacent, so tliat flame 
once started in snob a mixture continues to be propagated pro- 
gressively tlirouglioiit, without tbe necessity for tlie continued 
presence of tbe source of beat tliat caused tbe inflammation, 

Tbe self -propagation of flame tbrougli tbe mixture is only 
possible when tbe speed of reaction between tbe combining gases 
is sufficient to overcome any loss of beat, by radiation, convection, 
and conduction, under tbe conditions of its combustion. The 
s|}eed of reaction is dependent on . tbe temperature that tbe 
portion of tbe mixture wbicb is burning can impart to tbe portion 
that is about to burn. 

It follows naturally, therefore, that the higher the initial 
temperature of tbe mixture tbe less is the projoagation of flame, 
dependent upon tbe beat generated by combustion,, so that the 
effect of increasing tbe initial temperature of mixtures of methane 
and air should be to widen their limits of inflammability,, lowering 
the lower and raising tbe upper limit, ■ 

Tbe effect of pressure on tbe limits is not so easy to forecast yin 
point of fact, the results of experiments did not fulfil our anticipa- 
tions. It will be best to leave discussion of the' matter until tbe 
experiments have been described. 


The Bffect of Temqjcrature. 

The earliest systematic experiments ' on tbe 'effect of teiiipera'tiirc 
on the' limits of inflammability . of gaseous , mixtures : seem to., have, 
been by Bunte and Eoszkowsbi in 1890 (J. GasbelcucMufig., 1890,," 
33, .491, 524, 535, '553). ■, The mixtures ,were ,, ignited electrically 
in a 'spherical vessel of 35 ,c.c. capacity. Apart from the fact that,, 
it is impossible to judge, accurately 'as ■■, to the, propagation,' of ,fl'ain6'' 
'in such' .a .vessel,, something mu,st' have- been radically wrong, with, 
B.uiite and' ' Roszkowskib' . experimental ■ arrangements, ' "for' 'i ''they',, 
.'recorded', no' marked'' change', 'in'' tbe. liMts.', for mixtures'' ,' of 
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and air wiieii tli© initial temperature of tlie mixtures was raised 
from, 15® to 300®» 

Talfaiiel (Gom/pt. reiid., 1913, 157, 593) exairiiiieci the effect of 
increased temperature on the lower limit for mixtures of methane 
and air by passing an electric spark in the mixtures, after intro™ 
duciiig them into a tube at the required temperature, and observ- 
ing whether or no inflammation was propagated throughout the 
mixture. His results rvere as follow : 

Initial temperature of mix- 
ture 20^ 175“ 237“ 312“ 555“ 690“ 

Lower limit, methane in air, 

percent. 5-80 5-25 4-75 4-30 3-40 3-00 

Taffaiiel did not state the dimensions of his tube, the position 
of the point of ignition of the mixtures, or the direction of travel 
of the flames; but from his results, which, as will be seen later, 
closely , correspond with our own, we conclude that a rather' wide 
and short tube "was used and that ignition was at the top, the 
flames being propagated vertically downwards. 

Burrell and Eobertson (United States Bureau of M;ines, 
Technical Paper No. 121, 1916) repeated Taffaiiers experiments, 
using a ITeiiipel bulb of 100 c.c. capacity as the explosion ' vessel 
and igniting the mixtures near the top by an electric spark. The 
bulb was heated in an electric furnace, and whether or iio^ flame 
had propagated throughout the mixture was judged by analysing 
the products of combustion. The results recorded were : 

Initial tempera- 
ture of mixture. 25“ 200° 300° 400° , 500° 

Lower limit, 

methane in air, 

per cent 5-40-5-56 4’98-3-15 fl:-75-4-SS 4-47-i-55 3-76-4-00 

Accurate observation of the propagation of flam© in a vessel 
that is totally enclosed in an electric furnace presents some difficulty. 
It is not easy to Judge, for example, of the extent of downward 
propagation of flam© in a' tube by an arrangement of mirrors, since 
the,, flame is viewed end-on; and analysis' of the gases remaining 
after' flame has passed, not altogether satisfactory as 'a means of 
judging" whether 'flame' has travelled -or has Just failed to travel 
■throughout ''the vessel with iower-liiiiit mixtures, gives quite mis- 
leading' results ■' with the '■ upper-limit mixtures where much of the 
'. combustible 'gas remains unburnt or incompletely burnt. 

.'.'For' our ■ experiments,. we, have made use of the, fact that, the 
.', limits for upward propagation' ' of flame' are' wider than fo,r down- 
'ward .propagation '(T.', 1914,' 105, 2591)' to aid, in' observing' whether 
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or no flame travelled tliroiigliont the mixtures at dif erent. tempera- 
tures, in til© manner described in tlie experimental portion of tiiis 
paper* The criterion of inflammability adopted v/as self-propaga- 
tion of flam© downwards. The gaseous mixtures were stored over 


Fig. i. 



5 ' 10 ■■ 15 - 20 - . 25 . : ■ , 'M' 

Methane in limit mixtures^ Per cmt. 


a mixture, of equal /parts' by volume' of glycerol and water in glass 
■gas-holders, . whencB they were introduced into the previously '^'heated 
and' , evacuated;' explosion , vessel ; '-.they' . were , thus' saturated' .with 
water :, .'vapour".', at the room temperature ,(20°). The '"results'.,,,ar©" 
given.iii' the:', table, that ,folloW’S'aBd diagrammatical^ in'.Mg.'.l.' 
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j jownwaru propagaui u i i 
mixtures of methane 


cent. 


Initial 



temperature. 

Lower limit. 

IJ'ppe,r limit. 


6*00 

' 13*40 

iOO 

5-45 

13*50 

150 

5-20 

13*60 

200 

5*05 

13*85 

250 

4*60 

14-0() 

300 

4*40 

14*25^ 

350 

4*15 

not determined. 

400 

4*00 

14*70 ‘ 

500 

3*65 

15*35 

600 

3*35 

16*40 

700 

3*25 

18*75 

750 

— 

23*60 

800 

— 

29*00 


The mixtures were allowed to remain during two seconds in the 
explosion vessel (which had been previously brought to the required 
temperature) 'before the passage of an electric spark to cause 
ignition. ' This length of time was sufficient to ensure that the gases 
attained the temperature of the enclosure (compare Burrell and 
Robertsonj loc, cit.j p. 6), and at the same time, except perhaps 
at the highest temperatures, did not admit of appreciable com- 
bustion on the surface of the vessel before the spark was passed. 

Consider first the lower limit. Progressive iiicrease ■ of the 
initial temperature causes a . corresponding decrease in the amount 
of methane required in the air to enable self-propagation of flame 
to take place. Our determinations agree closely with Tafi-aiieTs, 
and therefore disprove Biiiite and Eoszkowski’s results. With 'an 
initial temperature of 750°, a mixture containing 3*00 ' per cent, 
of methane ignited without being sparked (and flame was pro- 
pagated throughout) as soon as it entered the 'explosion vessel, 
the rate of reaction on the surface of the explosion vessel at this 
temperature' being sufficiently ■ rapid to cause selhheaiiiig of th„e 
mixture. At 700° no ignition occurred with a 3*20 per cent, 
mixture by the walls of , the vessel, nor was flame propagated 
throughout such a mixture when an electric spark was passed; , for 
complete, propagation of flame at this temperature the mixture had 
to' contain' 3*25 per cent, of methane.. Under' the conditions of' 
these experiments, therefore, ’ ,the . ignition-temperature (that is, 
the temperature, at which, rapid self -heating., takes place) of a 3 'per 
cent, "methane-air mixture'' can. be ■, regarded as , be,tweeii ' ,70,0° and 
,'750° (compar©, Taffanel,,.Zoc. 'p. 597).,' 

^ d ust , ^ as ,, the ' lower^ ■ limit', ,• is , lowered ' hy increasing ', ,tlie, initial 
■temperature, is raised. The, extent To,,, which' the 

limit is raised' increases '.regularly .with' the'd,iiitial t€in,p,erature ' of 
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tlie mixture until 600^ is exceeded, after wliicli tlaere is a con- 
siderable rise ill tlie rate of increase (see Fig. 1). Tliis is probably 
due to reaction between metliane and ox^/geii on tbe surface of tlie 
explosion vessel being sufficiently rapid v/itli bigii concentrations 
of metbaiie at temperatTires above 600° to alter tlie constitution 
of tlie niixtxire dni'ing tbe two seconds tbat elapse between its 
introduction into tbe beated explosion vessel and tlie passing of 
tbe spark. We know tbat witli excess of metbaiic in air, carbon 
monoxide and liydrogeii (botb of wliicli iiave very liigli upper limits 
of iiiflainmability) persist in tbe products of combustion, and it 
may be tbat the early production of these gases is the cause of the 
abnormal raising of tbe upper limit of inflammability of mixtures 
of methane and air at temperatures greater than 600°. Tbat com- 
bustion without flame takes place to an appreciable extent above 
600° under tbe conditions of tbe experiments is shown by the fact 
tbat at 700° no ignition could be obtained (with a mixture con- 
taining , 18‘ 70 per cent, of methane) if tbe mixture were left in 
tbe explosion vessel longer than five seconds before sparking, whilst 
at 750° an interval of only 1*5 seconds sufficed to render a mixture 
containing 23*50 per cent. ' of methane uninflammable. In each 
of these instances we can assume tbat tbe mixtures became 'un- 
inflammable by deprivation of oxygen consequent on its buriimg 
the methane. If, therefore, tbe formation of carbon monoxide and 
hydrogen by combustion of methane is tbe cause of tbe abnormal 
raising of the upper limit at these high temperatures, the' effect is 
transitory. Hydrogen would be produced also by thermal decom- 
position of methane', but tbe reaction is very slow at temperatures 
below 900°, In any event, it is clear tbat tbe results obtained at 
temperatures above 600° do' not properly represent the upper limits 
for self-propagation of flame in mixtures of metliane and air. • 

It may be mentioned tbat in no instance did ignition of, and 
propagation of flam© in, a High-limit mixture take place tbrougli 
contact “with the beated walls' of tbe explosion vessel. At 800°, 
for example, a spark bad to be passed in order to causes flame to 
travel through tbe mixture’ (containing 28*70 per cent, of 'methane). 

The Effect of Fressure, 

\ Tbe effect of initial pressure -above' atmospheric on the' limits,, of 
inflammability of .mixtures of hydrogen,',- carbon m'onoxide,','' and 
methane, "'respectively, -’with.- air - has- '■■■ been studied by Torres '"and, 
Hle-ii 2 ,(/,, 1-016' ,,'10,25).y, :'Tbe,' 

"explGsion vessel 'used was an iron 'cylinder-ST cmvlong and 8'"cm. 

', in "diantieter, ' ' ', Igniti'on;:' ^was ■-b,y'''.-"an,, /.electpO' -spark"'' at^ a "'poiiit /4-,-'-.om,' 
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from the top of the cylinder and on' its vertical axis. The criterion 
of iiiflaiiiiii.ability was, therefore, self-propagation of flame down- 
wards. Whether or no flame had passed throughout the mixture 
was Judged by analysing the products of combustion. 

For methaii© (firedamp from Kissarmas, Transylvamia, contain- 
ing 99"! p-er cent, of inethane)^ Terres and Plenz obtained the 
results shown in the tables that follow. 


Lower Limit. 


Methane in 
mixture. 

Initial pressure. 

Methane burned. 

Per cent. 

Mm. mercury. 

Per cent. 

6-00 

760 

99 

6-00 

1520 

22 

6-00 

2280 

1! 

6-00 

3800 

7 

6-15 

1520 

99 

6-15 

2280 

26 

6-16 

3800 

13 

6-23 

1520 

100 

6-23 

2280 

100 

6-23 

3040 

31 

6-23 

3800 

17 

6-41 

3800 

100 

6-41 

4560 

98 

6-41 

5320 

50 

6-41 

6080 

30 

6-41 

7800 

12 

6-44 

5320 

100 

6-44 

6080 

98 

6-44 

6840 

62 

6-58 

7600 

100 


Upper Limit. 


Mot'haae in 'mixture. 
Per cent. 

12- 98 

13- 35 ' 

13 - 65 . 

13-98 


' With ' upper-limit mixtures, according" to Terres ' and Plonz, 
either "the mixture did : not' 'burn - at all . under the conditions of 
'their experiments , or flame travelled throughout. No partial, pro- 
pagation , of' flame took^ place as' with 'the. lower-limit ■ mixtures. 
'Them ..■..experiments 'Can.'' be summarised, 'in ■ the statement that an 
:i.ncreas6'',of .,'the, initial pressure .of. ^t^^ mixtures 'hO' 10 atmospheres'' 


Initial pressure r6q'uuir©d,.for 
propagation of flame. 
Mm. mercury. 

*760 
' 2280 
4660 
6840 
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raised tlie lower limit (downward propagation of flaine) from 6”0 
to 6'5 per cent., and also raised the npper limit from 13*0 to 14*0 
per cent. 

Burrell and Robertson (loc, cit,) also studied the effect of 
pressure on the limits of inffammability of mixtures of -inetliaiie 
and air, using the same apparatus as for their work on the effect 
of temperature. Their experiments were mainly at pressures less 
than atmospheric, but they recorded that “increasing the initial 
pressure up to 5 atmospheres had no effect in changing the low 
limit of complete propagation '' (p. 10). At reduced pressures, 
they found that the limits were narrowed, until at pressures between 
250 and 300 mill, of mercury it was impossible, under the condi- 
tions of their experiments, to obtain self-propagation of flame in 
any mixture of methane and air. 

Our experiments at reduced pressures have been made with 
initial temperatures of 20°, 250°, and 500°. The same apparatus 
was used as for the experiments with different initial temperatures 
at ' atmospheric pressure. The results are shown diagrammatically 
in Fig. 2. 

The fact that Burrell and Robertson were unable to obtain self* 
propagation of flame in any mixture at pressures less than 300 mm. 
(at atmospheric temperature), whereas we found the limiting 
pressure to be 120 mm., is ex|)licable on the assumption that' their 
means of ignition was inadequate. For example, .a mixture of 
methane and air containing 9*5 per cent, of methane can be ignited 
at atmospheric pressure ■ by the secondary discharge from an 
“ 8-inch X-ray coil at a spark-gap of 1 mm. between platinum 
points when the current broken in the primary circuit (the trembler 
being locked) is about 0*5 ampere; but when the pressure of the 
mixture is reduced to 100' mm., it is necessary to break a current 
of more than 7 amperes in the primary circuit of the same coil iii' 
order to obtain a secondary discharge at a ' 1 mm. gap , capable of 
igniting' it (T., 1917, 111, 130). Burrell and Robertson's results' 
express, not the limiting pressure for self-fro-pagation of ftame in 
any 'mixture of methane and' air, but the limiting" pressure; for 
irpvition 'by a secondary discharge of .the ■ particular ,■ intensity' 
employed by them. 

. 'Examination of Fig. 2' shows' that, at atmospheric temperature 
the ."mixtures 'of methane and 'air in .'which flame .is '"propagated' 
(dow.nw'ard's)' most ' readily as , evinced by their having the, lowest 
'limiting pressure, .contain, .'.between 'B* 75 'and, ;9*40' .per.', ceiit. ^ ''of 
methane. ,' 

; - The same, conclusion can' 'be drawn ' "fro'm : the exp'eri'ments , by' 
'.B'urges's and;, 'l^heeler ;'on.,, '‘'limit;'t;,, mixtures of methane, oxygen, 
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and nitrogen (T.j 1914, 105, 2596). Tiioso experiments sliowed 
that by the gradual substitution of nitrogen for the oxygen in air 
the limits were narrowed until, wlien the ‘''atmospliere'' coiitaiiied 
only 13‘45 per cent, of oxygen, they lay between 6*50 per cent, 
(lower) and 6*70 per cent, (upper) of methane. From the partial 
pressures of the gases, the percentages of methane in the atmo- 
spheric air contained in these limit mixtures can be calculated, the 
presence of the excess of nitrogen and of methane (above that 



MethmiCy per cent 

required 'for complete combustion by the oxygen) . being regarded 
a's /equivalent ■ to a reductio'n ■ of: pressure. This .calculation gives 
'9*2. 'per ■ cent, .of methane .in air' as the, mixture that propagates 
'flame most, readily., ■ 

, i The,,, mixtures of 'methane and air most ■ readily ignited by a 
secondary discharge,' on/ 'by. the break-flash" ino.meiitary arc'’) 
''produced' 'at' the, ' point , of fracture ■ of ■ a' metallic , electric circuit 
(continuous curimt),,, contain'' 'between ., 8*0', ', and, 8*6 'per ■ cent. ' mf 
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Tiietliaiie, wliilst the mixtures in which the '' iiiiif orin move-” 
iiieiit of propagation of flame is most rapid contain between 9*5 
and 10*0 per cent, of methane (T., 1914, 105, 2607). 

The range of mixtures over which propagation of flame occurs 
most readily thus lies mid-way between the range over wliicli 
ignition (by electrical means) is easiest and the range over which 
the flames are fastest. It might be argued from this that ease 
of propagation of flame in a series of mixtures of methane and 
air is dependent about equally on the ease of ignition of the mix- 
tures and on the ratio T — (see T., 1917, 111, 1044). It 

must bo rememberedj however, that the igiiitibility of the mix- 
tures, as shown by the intensity of the secondary discharge or the 
primary break-flash required to ignite them, is not necessarily a 
measure of their igiiitibility by heated gases during the propaga- 
tion of flame. 

The effect of raising the initial temperature of the mixtures is 
to wnden the dilution limits at all pressures, and the limiting 
pressure for the self -propagation of flame in any mixture is lowered, 
though not to a great extent. A point in these experiments that 
should be noted is the small effect on the limits produced by 
reducing the initial pressures by as much as half an atmosphere; 
the effect does not begin to be niarke'd until the pressure is reduced 
below 300 mm. 

For experiments with initial pressures greater than atmospheric, 
we have used a tube of stout glass into which the previously pre- 
pared mixtures could be forced ' through a condensing syringe in 
the manner described in the expeidment-al portion of this, paper. 
The criterion of inflammability wms, as before, propagation of flame 
downwards. 'The results were as follow: 


Initial pr0S.sure. 
Mill, mercury. 
760 
1250 
2100 
2900 ■ 

■ 3350 
, 3750 
■' , ' 4650 


Lower limit. 
Methane, per cent. 
6-00 
6-05 

not determined. 
6*20 
6*25 

not determined. 
6*40 


■ Upper limit. 
Methane, per cent. 
13*00 
13*15 
13*35 
13*60 

not determined. 
13*80 '■ " 
14*05 


We , thus, ' confirm Torres ■ and ■ Plenz’s results. For the "lower- 
limit mixtures,, our values agree 'closely with theira, but we , obtained 
a ''greater raising ', of 'the, upper limit' by incre'asing the , pressure 
'than they/recorded. 'This, '■ we ■.think,.' iS'^due .to Te'ires .and Flenz 
not. 'having' '.'used . a ' sufficiently .'powerfur' source, of. "-ignition,.' „for: 
they have: stated that the.'.'mixtures- .either did not ignite "at a'll. or 
'flame travelled throughout them. This " is, . oontrary to our ex-'; 
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perience^ for we obtained many mixtures at bigli pressures in 
wliicb llaine^ travelled only part of the way down tlie tiibe„ Mix- 
tures of 121 ethane and air containing more than 11 per cent, of 
iiietbane require a secondary discharge of considerable intensity 
to ignite tliem^ and tb© intensity required increases rapidly witli 
increased metiiane content. Thus, a mixture of methane and air, 
at atmospheric pressure^ containing 12 per cent, of iiiethane, can 
be ignited by the secondary discharge from an ^^8-iiich^' X-ray 
coil across a spark-gap of 3 nim. when a current of 7*5 amperes 
is broken in the primary circuit (the trembler being locked), 
whereas a mixture containing 13 per cent, of methane requires 
15 amperes, and one that contains 14 per cent. 32 amperes. On 
the other hand, an increase of the pressure (abo?e atmospheric 
pressure) of any of the mixtures renders it capable of being 
ignited by a discharge of slightly less intensity (T., 1917, 111, 411). 

It is easy to see, therefore, hy the manner in which they ex- 
pressed their results, how Torres and Pienz confused the inability 
of their secondary discharge to ignite some of their mixtures with 
incapability of the mixtures to propagate flame. They recorded, 
for example, that a mixture containing 13*65 per cent, of methane 
did not propagate flame — did not burn at all — when the initial 
pressure was 6 atmospheres; on raising the pressure to 7 atmo- 
spheres (when the mixture would be rendered more readily 
ignitible), flame was propagated throughout. 

Leaving differences in degree aside, however, we are in agree- 
ment with Torres and Pienz in observing a raising of both the 
lower and the upper limit with increased initial pressure (above 
atmospheric), and we find the results difficult to explain. From 
the law of mass action, we anticipated that increased pressure, if 
it had any appreciable effect after atmospheric pressure' had been 
passed, would widen the limits on both sides. ■ If the widening of 
' the upper limit be explained by mass action, what is the reason 
'.for the narrowing of the lower limit? 

'According to the kinetic theory, loss of heat from gases by con- 
duction and radiation is independent of the pressure. '■ When 

■ attempting to put' this deduction ' from the kinetic theory to , ex- 
perimental proof, however, ;Kundt .and ' Warburg (J. de 

.1876, 6, 118) 'found that unless 'the pressure of the gas was low, 
.the'' loss : of ' heat'' due to , conduction was masked by that arising 
"^.from. convection currents. It may be, therefore, as Terres and 
Plenz have 'suggested, that the loss ' of ' .heat from "a gas at high 
pressure' is due to.' a greater '''extent to convection bhan to. conduc-' 

■ tion, and .increases .with the 'pressure. According to this explana-' 
tion, the upper '"'hmit . should. ',-aIso be narrowed; and when hydrogen 
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or carbon monoxide is tlie combustible gas tills is so. Wliat must 
be regarded as tlie abnormal behaviour of mixtures of iiietliarie 
and air under pressure at the upper limit requires fiiiiiiei study. 


Fia. 3. 



Exfebime.ntal. 

, The , apparatus used , for determining the' limits .of inflammability 
at different 'temperatures ' and "at ■■pressures less' than atmospheric 
is; shown'.'.in ,Fig. 3. ' It consisted essentially . of a U-tube ' of " trans- 
parent .quartzj 'the limbs of which 'w.er6 . close together; ■ fixed 
'vertically ■ in a 'tube ....furnace 'which nould be ^ heated, .electrically.; 
;One; limb of the' .;U-tuhe;; .'long. ■'.and'';;h.ad''';'''a::'capill^ 
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extension wliicli v^^as fitted, by means of a ground joint, witli a 
glass tiiree-wa,y tap, of tlie form sliown in tlie diagraiii, to make 
coiiiiexioii witli either a vacuum pump or- a gasholder and. mercury 
iiiaiioiiieter„ The other, longer, limb (35 cm.) was sealed at the 
top, which projected above the level of the furnace. The elec- 
trodes for igniting the mixtures wem platinum wires led into the 
quartz tube, immediately below the capillary extension, throiigii 
capillary side-tubes, the upper ends of which were closed by pings 
of glass ground in, through which the platinum wires were sealed. 
The spark-gap was 4 mm. 

Since the limits for iipw’ard (or horizontal) propagation of ilaine 
are wider than for dowmvard propagation, a mixture wiiicli on 
ignition enabled flame to travel just the full length of the shorter 
limb of the U-tiibe easily carried flame up the longer limb, and. 
its appearance could be observed in the portion of the tube above 
the furnace, either directly or, as was fou.nd more convenient 
during experiments at low pressures, in a mirror inclined at an 
angle of 45° fixed above the top of the . tube and enclosed in a 
darkened box. 

Ignition was caused by a short series of sparks from an ^'8-inch 
JT-ray coil, with a current of 15 amperes in the primary circuit. 
The intensity of this discharge with a 4 .nini. spark-gap was well 
ill excess of the minimum required for the least easily igiiitible 
rnixtiir-es, whilst the length of the tube was sufficient to ensure 
that the i,iiitial impetus imparted to the flames by the source of 
ignition had died away before the bottom was reached. 

For the experiments at high pressures,' a tube of thick glass 
18 cm. long and of fl cm. internal diameter was employed, iixed 
vertically. The tube was provided at' the top with a higii-pressure 
. three-way tap of capillary bore, 'to make connexion with either a 
vacuum pump or a condensing syringe in coiiimiinication with a 
gas-holder containing the mixture to be ■experimented with, A 
: "high-pressure tap at. the bottom of the tube communicated with a 
'■ 'Bourdon pressure gauge. The- electrodes were ■ platinum wires 
sealed into the glass at the top of the tube,' the spark-gap being 
. 4 mm. ■ A .s^econclary discharge of- the same intensity as for the 
"' experiments in the., quartz tube was used to ignite the mixtures. 
,, The lower third of, the tube was. covered .on, the outside . with, black 
, , paper, i'U 'which a, horizontal slit. 2 mm. .wide was .cut at a distance 
of ',15 vcm.' ■from, the" point of ..ignition; ''flame was ■ Judged : to Iiav©' 
' .travelled .'thro.ughout the tube, if it was. 'Observed to pass. this slit. 

For. .the experiments, at .different 'temperatures, .th©' method .of 
procedure ,.w,a8',to obtainttwo mixtures, .differing, by G'.IO per cent, 
j, of methane, the one enabling flame-, to .appear' in the longer limb 
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of tlie quartz U-tiibe, wliilst witb tlie other no fiaine appeared. 
Til© mean percentage of methane in tli© two mixtures was taken 
as tlie limiting percentage. For the experiments at different 
pressures, two pressures were obtained for a gweii mixture, differ- 
ing by 10 mm. of mercury at pressures below^ atmospheric or by 
50 mm. at higher pressures, such that at on© pressure flame 
appeared in the prescribed manner, whilst at the^ other it did not. 
The mean pressure was taken as the limiting pressure for the par- 
ticular mixture under the conditions of the experiment. 

The methane was obtained from a natural source of firedamp 
and purified by liquefaction. The mixtures with air (free from 
carbon dioxide) were prepared in glass gas-holders over gl^merol 
and water, and were analysed before use. 

[Eeccived, November .23?’d, 1917.] 


VI [I. — The Relation of Position Isome-rism to Optical 
Activity. Part XL The ' Menthyl Alkyl Esters 
of TerejAithcdic Acid- and its Nitro-de7ivaMves, 

By Julius Bekrnd Cohen and Hannah Smith de Pennington. 

In a former paper (T., 1916, 109, 222), a series of meiith 3 d alkyl 
esters of phtlialic and 3-iiitrophthalic acid were prepared and 
examined, with the following results: whilst the free carboxyl 
group in the acid , ineiithyl ester raises the molecular rotation nearly 
100^ '([MJf’ —332^) above that of menthyl benzoate — 239^), 

the average rotation of seven ■ menthyl alkyl esters ([M]d — 243°) 
did not differ greatly from that of, menthyl benzoate— in other 
words, the' proximity of the carboxyl group raises ^ the rotation, 
whilst that of. the ester group produces little effect., ■ 

In the case of the, ,parallel' series. of terephthalic esters/' which, 
is the subject of the present paper, the main difference in structure 
lies ill t'he separation of .the two',' carboxyl groups.' O.iie 'might' 
therefore expect that, like ' the ., menthyl alkyl esterS ' of plithalic 
acid',' .the. alkyl ester ' group ^ would have, little or. no influence' on 
the active group, and that the molectilar ■ rotations ■. of , these sub- 
stances 'Would be, of the,', same order as' that of ' men thyl', benzoate..' 
This: 'a'.nticipatioii, "has been realised, ''the average molecular, ro.tation 
of 'seven 'menthyl., 'alkyl'- .' esters '.of .. terephthalic ..' acid being 
"[M]o '254°/:.' ..'In this case, the average rotation' is.'''so:m.ew'liat''''Mgher 
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til ail iliat for the corresponding inentliyl alkyl phtlialates 
([M]o —243^-^). , 111 spite of numerous attempts^ it was found 
impossible, to obtain the acid menthyl ester in the crystalline state, 
but the amorphous product prepared by the semi-hydrolysis of 
cliiiienthyl tereplitlialate ' gave the correct numbers on analysis^ and 
may b© regarded as fairly pure. Its rotation was [M]o‘^ — 259’2®« 

It therefore appears that the carboxyl, like the iiitro-group, 
whilst raising the rotation of the active group in the ortho-position, 
has little or no effect in the para-position. 


[M]f. 

e-Nitroiiienthyl benzoate ... —381° 

Menthyl l:i 3 ^clrogen phtlialate — 332 


[Mgt 

p-Kitroxnenthyl benzoate ... --237® 

Mentbyl hydrogen tereph- 

thalate —259 


Menthyl benzoate [M]-® — 230°, 


It is somewhat remarkable that whilst the free carboxyl group 
in the para-position differs little in its effect from that of the ester 
groups in the same position, both carboxyl and ester group give 
a higher value than the unsubstituted menthyl benzoate or its 
p-nitro-derivative. The following table gives the parallel series 
of esters of phthalic and terephthalic acid, molecular rotations, 
[M]d® (Isevo), being given in round figures within the hexagon 
(Mil = menthyl). 


Phthalic esters. 


/hlCO,Mn 
iCO.,Mn 


444!. 

\/ 


Terephthalic esters. 
COMn 

/V 

■6261 

\/' 

COjMn 




CO.,H 


\/ 


/\cO,Mn 


0co#r 


0 CO^ 


/\ 

12691 

COjMn 

/X 

12461 

'^ 602 Me 

COjMn 

/\ 

12661 

\/ 

COjEt 

CO^Mn 

f26^ 

s / 
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Plithaiic esters. 




^^oAmyl 


::"*^7C02 Hexyl 


Ak^.^OoMii 
7'^/COo Octyl 


Terephthalie esters* 

GOoMn GOoMii 

> 257 ; ;25s; 

CO 2 Butyl OOo isoBiityl, 


CO.Mn 

/\“ 

: 260 ! 

\./ 

CO 2 cycleHexyi 


COoMn 

/"""\ “ 
12471 


\/ 

COo Octyl 


In addition to those points to wliich attention has been directed^, 
it will be further observed that whilst the rotation of the meiitliyl 
alkyl esters of plithalic acid decrease steadily to the isoamyl coni- 
ponnd and, then risej so that the two end menihers have the highest 
rotations j the opposite- effect is seen in the case of the terephthalio 
esters,, the two end members possessing the lowest rotations. 
Further, the molecular rotation of mentliyl terephthalat© is much 
higher than that of the corresponding phthalic ester, and about 
double that of the acid menthyl terephthalate. 

If the vaii’t Hoff theory of optical superposition- held, and 
assuming that the- two menthyl ester groups in dimenthyl tere- 
phthalate to be' so far separated as not to influence one another's 
rotations, the half value ( — 263°) should correspond approximately 
with that ' of menthyl benzo.ate ( — 239°). Unless the hydrogen 
atom in the para-position lowers the rotation, which does not seem 
very probable,, it ,woiild appear that the ester groups in dimenthyl 
terephthalate influence one- another to. the extent of raising the 
rotation, about' 12°, whilst the average increas,e,'" for, the -, ".o'ther ,' 
nnembers -is 15°. 

> Turning ,iiow' to the nitro-derivatives, it has been 'already pomte,d- 
'Out, that the ■ proximity of the -nitro-giroup to the , menthyl " , 'ester 
group , greatly, increases the rotation, whilst' that in the'- meta- and ' 

; ortho-position '.does not-.. ■.Mu,ch the same result .has been .'observed','' 
'in . the, .two series 'o-f. .menthyl alkyl, nitroterephthalates. ' 
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0 ”Nitro o>alkyl 
ineiitlivl plitliaiate. 
NO. 

iQwhCOoMn 

IrJ^GOhCK, 

o-Nitro 

p-aikyl mentliyi 
terephthalate. 

m-Nitro 

jj- alkyl me,ntliyl 
toreplithalatto. 

COoMri 

0.0, 

C0./CH3 

NO, 

4>CO.,Mn 

CO^Mn 

\/ 

GOyCsHg 

CO„Mn 

0NO, 

CO./C„Hj 

NO„ 

/,e',CO.,Mn 

COoMu 

\/ 

COTO3H7 

coain 

0NO, 

CO.,-C,H, 

NO3 

AlcOJIn 

COoMn 

j^67|^^2 

\/ 

COtOA 

OO^Mn 

xb'NOa 


It will be seen from tlie above table that tlie proximity of tlie 
nitro-groiip to tbe active group raises the rotation, being of the 
same order, although rather lower than that of meiitliyl o-iiitro- 
benzoat© ' ([M] — 38P) and the corresponding nitrophtlialates 
([M] -343^ mean). Here- again the curious anomaly is observ- 
able, that , whereas in the nitrophthalic esters the rotation falls wd,th 
the larger alkyl group, the- reverse occurs with th© ' corresponding 
nitroterephthalic esters. On the other hand, the nitro-group in 
the meta-position with respect to the active group recliices the 
average value ([M] —'247*^) to the order . of the uii-nitrated ester 
([M] «-254'^), that is to say, produces little or no efiect. 

Another curious anomaly to which attention must be directed is 
the enhanced rotation of the nitromenthyl esters, in benzene stilution. 


[M]f. 

In benzene solution. 
CO„Mn 

f492iNO, 




./ 

CO/C2H5 




[m]®. 

Ill the fused state. 
COMn 

j354]NO, 

\/ 

COa-aH, 

CO,,Mn 

\/ 

CO„-C,H~ 
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Tlie difference migiii be ascribed to association, but a deteiTiiiiia" 
tioii of tlie molecular weight of dimeiitliyl iiitrotere'plitlialate (wliicli 
ill benzene lias a rotation of [M]p —781®) by the cryoscopic method 
in benzene gave a normai result: 

0‘0851 ill 8“79 benzene gave M.W.=483, 

GosH^i^OeN requires M.W,-:487. 

We are at a loss to account for these abnormal rotations in solu- 
tion. It suggested, however, a possible explanation of the high 
values of the t??,>-nitro ' o-alkyl menthyl phthalates, all of which 
being solid at the ordinary temperature were examined in benzene 
solutions Qoc. cit,, p. 225); but a comparison of the rotation of 
m-nitro o-nietliyl menthyl phthalate with that of the lioinogeiieoiia 
liquid at 100® showed that the solvent had practically no effect. 
The numbers are : 

ill benzetio. fused. 

-446^^ -439° 

The following is a brief summary of the results: 

(1) The mutual effect of two menthyl ester groups in the para- 
position is considerably greater than that of the same groups in 
the ortho-position. 

(2) This is true to a less extent of the alkyl ester group. 

(3) The carboxyl group in the para-position has much the same 
effect' as the alkyl ester groups.- 

(4) The iiitro-group in the ortho-position with respect to the 
active group raises the rotation by about 100®; that in the in eta- 
position has little effect. 

(5) The esters with the nitro-group in the ortho-position with 
respect to the active . group exhibit enhanced rotation in benzene 
solution. 

'There appears no reason, therefore, to modify the generalisation 
deiined in the foniieiv paper (T., 1914, 105, 1895), namely, that 
the element, or group lying nearest to the active "group produces 
tile greatest effect. 

Ex PEUIME HT Am. 

The Menthyl Alkyl Ellers of TerephtAaUc Add, 

The method, employed in 't-he preparation of these esters' may bo 
illustrated in the case of menthyl , ethyl, , tore phthalate. , 

. 'Til- a s.mall ,'distillmg flask fitted' -with --an air 'conde-iiser was placed 
-,a-’ mixture of 12,- , grams ' of .'dry, 'powdered -terephthalic acid - and 
3-0 'grams ;of phosphorus -penCachloridev, ■ The ^substances were well 
' mixed-'- And ,warmed 'gentlj .'until ’ the.'/'f^kction/'began, b'eing,, after- 
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wai'ds 'iieateci on the water-batli until solution was obtained. Tlie 
pliosplioryl cHoride v^^as removed by distillation on tbe water- 
batli under diniinislied pressure in a current of dry air. Tlie 
residue was extracted wdtli benzene and filtered to separate- excess 
of pliospboriis pent-acliloride, wMcb is not dissolved. Tlie solvent 
was removed by beating on tbe water-batb, and finall}! under 
diraiiiisbed pressure. Tbe yield of acid cMoride was 22 grams. 
To tlie acid cMoride, 20 grams (twice tbe^ theoretical amount) of 
absolute ethyl alcohol wms added, and cooled until the first reaction 
had moderated, when the mixture was heated on the water-bath for 
half an hour. 

The contents of the fiask were then dissolved in ether and the 
ethereal solution shaken up with small quantities of dilute sodium 
carbonate, solution to remove any free acid, after which it was 
dehydrated over anhydrous sodium sulphate and distilled, first at 
the ordinary pressure to remove ether, and then under diminished 
pressure. The yield of diethyl terephthalate 'was 11 grams (b. p. 
14S°/2 niin. ; m, p. 36- — 40^). 

It was then half hydrolysed as follows: A mixture of 11 grams 
of the diethyl ester in 14 c.c. of ethyl alcohol and 3 grams of 
potassium, hydroxide in 3 c.c. of w'ater and 14 c.c. of ethyl alcohol 
was' i.vell shaken, when the contents solidified. After heating for 
half an hour on the water-bath, a little water was added, and the 
unchanged diethyl ester separated by extracting 'with small quanti- 
ties of ether. After removing any residual ether by heating, the 
solution was cooled and acidified with hydrochloric acid. . The 
solid which separated was collected and crystallised from benzene, 
in which terephthalic acid is very sparingly soluble. ■, 

In, this way, 4 grams of pure '.acid ethyl ester, melting at 
16S— 170®, -were obtained. The ester was heated with a large excess 
of tMoiiyl chloride (S grams), under reflux on the water-bath until 

d, issolved, any insoluble impurity being removed by filtration. The 
excess of thionyl chloride wa.s .distilled on the 'v\?ater-bath under 
diminished pressure, a.iid the residue (4 grams), which crystallised 
'o,n cooling, melted at 27®. The calculated quantity of menthol 

, (3' grams) 'was added, and the whole heated gradually , in an oil- 
bath to' 110“— 120® for an hour or more, until the e'volution of 
" hy.drogeii ' chloride ceased. The excess of., menthol waS' then 
..'removed by distillatio,n in. a., current: of steam and" the residue 

e, xtraeted "with ether. ,■ The .'ethereal -solution, after shaking 'with 
sodium carbonate solution, was dehydrated over calcium chloride 

panel' -decolorised -wfith charcoal, 'a'nd. then distilled, first - on the 
■ water-bath .and then ■'with the flame'.. and under diminished -pressure. 

The , 'excess . of -alcohol used' -'in- 'the prepa,ra'tion of esters ''of. f he-' 
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higher alcoliols was removed by distillation under dim ini she cl 
pressure. 

The following table gives the melting and boiling points of the 
dialkyi esters and the alkyl acid esters. 


Bialkyl Alkyl hydrogen 

terephtliaiate. M, p. B, p, tereplitlialate. M. p. 

Dimetiiyl ......... 140® — Methyl, hydrogen Abont 230® 

Indefimte. 

Diethyl ............ 36 — 40 ' i42-/2 mm. Ethyl „ 168 — i'70 

Dipropyl Liquid 158/4 mm. Propyl „ 127 — '129 

Liquid 180/4 mm,. Butyl „ 122 — 124 

Dk’sobutyl 40 — 43 180/6 mm. i^oBufcyl „ 151—^154 

Dicyclohexyl 75 — 80 — cycloMexyl „ 160 — 162 

Dioctyl — decomposed Octyl „ S2 — S4 


The menthyi alkyl esters obtained by the method described 
above are viscid liquids with a faint yellow colour which could not 
be removed by charcoal. The rotations were determined with the 
pure substances in a 0*302-dcm. tube at 20° and 100°. 


Alkjd mentliyl 
terephtliaiate. 

Methyl 

Ethyl I 

„ II ...... 

Propyl 

«, -Butyl ......... 

woBiityl 

cycZoHexyl I... 

„ II.,. 

Octyl I 


oSl Df. [a]r. [M]r. 

24-66 1-054 77-49 246-3 
24-45 1-060 76-38 253-6 
24-42 1*050 77-45 257-0 
'23-20 1-041 73-79 255-4 

22- 39 1-037 71-48 257-3 

23- 30 1-044 73-91 266-1 

20- 90 1-034 67-06 258-9 

21- 42 1-038 68-33 263-7 

17-84 0-999 59-13 246-0 
17-91 0-999 59*36 246-9 


ar. Br. [a]r. [M]r- 

23-11 i-000 76-52 243-3 

21-78 0-998 72-28 240-0 

21-76 0-991 72*58 240-9 

20-72 0-9845 69-69 241-2 

19- 90 0-9848 66-91 '240-9 

20- 86 0-988 ■ 69-92 238-2 

18- 63 1-009 81-14 236-0 

19- 09 1-004 62-92 242-9 

15- 96 0-947 55-82 232-2 

16- 03 0-945 56-16 233-6 


The following are the analytical results : 


Found. Calculated. 


Alkyl menthyi 
ester. 

F,orm,ula. ' 

Carbon, 

■■s V 

Hydrogen. Carbon. 

Hydrogen,. 

Methyl, menthyi 


71-60 

8-20 

71-69 

8-181 

Ethyl menthyi . . . 

CjoH^aO. 

72-16 

8-48 

72-30 

8-44J 

cycloHexyl men- 
thyi 

^'24^134^4 

74-66 

8-78' 

- 74*68 

,8-81 

Octyl menthyi- 

C 26 H 40 O 4 

74-99 

9*66 

75-01 

9-6,2: ' 


Weutral and A cid ' Menthyi Esters ' of Tereffithalie A cuL ' ' 

The neutral ester was obtained in the usual way .from the 'acid 
chloride^ the. excess of 'menthol 'being, subsequently removed by, 
.steam di,stillatioii. It crystallised ' from--, hot, alcohol iii„ needle-shaped 
■crystals melting at 77—78°. , 

'■ '-0‘6208'iii, 25 c.c, benzene in -a- 2-dcm. tube at -13°' gave — 'I'Ol 

■ bence„:[a]l? --il7'9j;:'[M]}?>'521:l. 
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At 100^* ill a 0'302“dcm, tube; 0’979. 

ar - 30*22 ; [a]r - 102*3 ; [M]r ^51*7. 

II. 0*5210 ill 25 c.c. beszene in a 2-dcm. tube ai 12*5® gave 
a - 4-96 : hence [a]r- HO ; 

At 100® ill a 0*302-dciii. tube; 0*978. 

af-aO-S; 102*6; [M]i?Vlo3*5. 

0*1830 gave 0*5100 COg and 0*1569 H.O. CXI 6* 00 ; H = 9*53. 

C2SH40O4 requires C = 76*02; 11 = 9*50 peT'-cent. 

The acid ester* was prepared by the semi-hydrolysis oft^e neutral 
ester as follows: An alcoholic solution containing* 1*3 
potassiiiin hydroxide was added to 10 grams of dimeiitliyl tere- 
plithalate^ and the mixture heated on the water-bath for two hours. 
The product was poured into ivateiq and the iin change cl neutral 
ester and menthol extracted with ether. After reiiioviiig the 
ether,, hydrochloric acid was carefully added to the slightly warm 
soiiitioiij when an oil separated which was dissolved in a small 
quantity of benzene (in which terephthalic acid dissolves sparingly). • 
The benzene solution was dehydrated with anhydrous sodium 
siiipliat-ej and the benzene removed first on the water-bath and 
finally under cliniinished pressure. The residue consisted 0! ' a 
coloiiriessj resin-like substance which did not crystallise: 

0*1805 gave 0*4723 COo and 0*1265 H.O. C = 71*33; 

C\gH2404 recjiiires 0 = 71*06; H = 7*89 per cent 
0*5160 in 25 c.c. benzene in a 2-dcm. tube gave a[f —3*52; heiieo 
[a]if 85*1 1 ; [M]l? 259*2. 

Neutral and Acid Me?ithyl Esters of AuProteau-phtJiMic Acid, 

. The nitroterephthalic acid was prepared by the method described 
by Burkhardt (Ber., 1877, 10, .145). The dinienthyl ester was 
obtained in the usual way by. treating' the acid cMoridt) (formed • 
by the action of phosphorus pentacliloride on the acid) wdtli thm 
calculated amount of menthol and purifying in the manner already' 
described. After recrystaliisation from alcohol, it was obtained 
colourless needles melting’ at 88®: 

0*1532 gave 0*3873 CO.> and 0*1168 TLO. 0=68*93; 11 = 8*47/*^ 
asH4iOGl7 ■ requires ' 0 = 68*98 ; H = 8*42 per cent 
0*5084 ill 25' c.c. 'benzene in a 2-dcm. tube gave a}f' - 6*53; hence ■ 
[a]J?'-160*5:'[M]g-7Sl-2. , '' '■ ' ' 

At IGO® in a 0*302-dcna. 'tube the pure ester' gave . - 36*26 
" [a]g^A,ll6.0'; [M]r-564*8.'. ; 

.The acid ester was, prepared by; the semthydrolysis of: the ''neutral 
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-esl;er witli ihe calculated quantity of potassium liydroxide in 
met by] alcobol in tbe manner already described In tlie previc/iiK 
MCctioFL After removing uuclianged neutral ester, tlie acid ester 
was ,|ji‘eeipitated ].)y ibe careful addition of con cent- rated liydro- 
clikiric acid. ■ The solid acid ester was 'Collected and crystallised 
from aqueous alcolioi, when it melted at 75°; 

0-1550 gave 0-351o- COo-aiid 0*0924 H^O. C = Gl-84; H=:6'62. 

G\gIT 2 sOoN reqiiires 0 = 61*9; 11 = 6*59 per cent. 

A second preparation gave the same result. 

^On reconverting the acid ester into the dimentliyl ester by treat- 
ing with excess of tliionyl chloride and heating the resulting acid 
chloride with menthol, tlie }>rodnct had, the same rotation as that 
found for the ester obtained l)y the previous method of preparation. 


o-Nitro i^Alkijl Terefhtlialic Esters. 


The esters were prepared as follows: The acid ineiithyl ester 
was heated with excess of thionyl chloride on the water-bath until 
a clear solution was obtained, the excess being removed under 
diminished pressure. The acid chloride was then.' heated under 
reflux with, an excess of alcohol on the water-bath for about an 
hour until the reaction was complete. The product was poured 
into water, the ethereal extract being shaken with small quantities 
of dilute sodium carbonate solution and dehydrated over calcium 
chloride, with the addition of animal charcoal. After removing 
the ether, the nitroalkyl mentliyl esters were obtained as viscid 
liquids, with the exception of the methyl ' ester, which crysta,llised 
in needle-shaped crystals melting at 78 — 79°. 

The rotations were determined in the fused state in a 0*302-dcm. 
tube at 20° and 100°, aiid also in benzene solution in a 2-clcm. 
tube. ■ 

111 the fused states. 


o “Nitre /p-alkyl 
meiithyl tereplith al ate. 


Methyl 


Ethyl 

-- 31-50 

Propyl' I 

81-09 

' II 

81-20 

"n-Bi.ityl I' 

29-64 

» n.. 

30-04 

0 -Nitro ■ p- alkyl 

■■ , : . 

meiithyl terephthalate. 

ttjo . 

'■Methyl.................,.^ ^ 

-30-50 

Ethyl, ' ' 

28-52 

Propyl T' 

27-79 


27-92 


26.57', "■ 



. 1 1 . .. 

V6Lw'"'€XIII. 


Ed - 



1-410 

--91-58 

-SiH-S 

1-110 

92-74 

352-6 

1-126 

■ 01-77 

35S-8 

X-098 

00-48 

366-5 

1*099 

90-51 

366-8 

111 the fused state. 


nr. 

~ wr- 


1-098 

„ -92-41 

-836-5' 

1-08 

■„ '86,-45' 

822-2 

1-055 

. 87-22 ■■' 

■ ,841-0 

1-068 

' ' 87-02 

:■ 840-2' 

1-043 

' ' ,84-38 ' 

,''84 1- 6,''' 

1-040 

84-74 

" '"."848'*8,' 


;D:' 
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111 benzene solution. 


o ~ N i t f o p - al k y 1 — ' 

inenthyl " Oram in 2r> e.e. 
terepbtlialate. }.>enzene. a}^. 

Alethyl T 0*4990 -ri-65 oLbO 

IP 0*3605 4-lG 141-7''' 51, 5-0 

Ethyl 0*5100 .5*45 .130*5 ' 491*8 

Propyl . 0*6032 0*21 , / „ 507*2 

Butyl 0*5052 5*04 '■A::124*7 505*2 


Oh analysisj tlie following results obtained: 

Found. Calcul at-ecl . 


'Alkyl mentliyl 

‘ester. Formula. Carbon. Hydrogen. Cai4)on. Hydrogen. 

IVIetlivl 02*81 6*85 02*81 0*89 

Eihvi 03*49 7*20 03*00 7*10 

Butyl C:.>H 3 ,OgN 05*11 7*70 05*18 7*05 


m-N‘itro '^-Alhyl Menthyl TereyAifhalic Esters. 

'The esters were obtained by the semi-hydrolysis of the neutral 
alkyl esters. The acid alkyl ester thus obtained was converted 
into the acid chloride, which was then heated with menthol and 
purified in the usual way. 

The foriowing table gives the melting and boiling points of the 
dialkyl and 'm-nitro ;2^a-lkyl esters, all of which we, re crystallised 
from benzene. 

m-Nitro ;p -alkyl 'm-Nitro p -alkyl 


mentbyd ester. acid ester. 
M. p. M. p. 

Methyl 72--74° 174-- 170^" 

Ethyl 48 146_„148 

Propyl B. p. 102/0 mm . 1 35 — 1 3 7 

Butyl ,'B. p. 215/0 mm. . 132 — 134 


The rotations were determined in the fused state in a 0‘302~dcm. 
tube at 20^ 'and 100^. 


»^i-Nitro p-alkylmen- 


thyl ester. nf. [a]f. [mPi?. Df. [a|r [m]!!''*. 

Methyl.. 23-38 1-133 68-31 248-0 20-58 l-0»0 l}2-10 — 

Ethyl I 22-31 1-127 65-55 247-1 19-50 1-074 60-67 — 

„ II 22-29 M30 65-31 246-2 19-48 1-074 60-06 — 

Propjl 21-25 1-130 62-25 248-4 18-80 1-060 58-73 — 

Bntyl 20-66 1-136 60-23 244-0 18-36 1-057 .57-5;! -- 


Tlie following results were obtained on analysis : 


Nitro alkyl men- 
thvl ester. 

Ethyl 

Butyl .............. 


Formula. 

CaoH^OoN 


Found. Calculated. 

' ' ; " ^ ' <■ " 

Carbon. Hydrogen. Carbon. Hydrogen. 
63-60 7-20- 63-66 *7-16 

65-21 , 7-60 65-18 7-6.5 


The 'UNTfEHsiTy, 

I,.EED.s.^ [Received, Pecember 12fh, 1917.] 



K:rTE0»*DEMVATIVE8 OF ISO-OXADXAZOLF OXIDES, ETC. 07 


IX.— of i&oOxctdmzoIe Oxides and 
of iso Oxadiazoles. 


By Aethue, G. Geeen and Feedeeick Mauhice Kowe. 


In a previous comniiiiiication (T., 1913, 103, 2025) we have 
directed attention to the so-called nitro-o-dinitrosobenzene and 
diiiitro-o-dimtrosobenzeiie obtained by Drost (Annale^i, 1S99, 
307, 54) by the nitration of benz/.vooxadiazole oxide (then termed 
o -d i n i trosobenzen e) . 

Tile diiutro-componnd (I) is of special interest, lieeanse it 


NO,, N 


No„i 

N 

(I.) 


N 


NO / . , 

I 0 >0 

^\/\/ 

N 

( 11 .) 


possesses acidic properties, reacting, for example, with potassinru 
hydrogen carbonate to form the potassium salt, C(.HN4P,.Iv,4H20 
(Drost), ’ 

Zincke and Schwarz {Annul en, 1899, 307, 32) consider that the 
metal in this potassium salt is probably directly attached to carbon 
and that it is the hydrogen atom between the two nitro-groups 
which is replaced, for the isomeric dinitro-compound (II) possesses 
no acidic properties. 

As an alternative, Zincke and Schwarz suggest, the possibility 
that tlie salt may be a derivative of the isomeric compound, 


NO 

NO 

/\no 

/Nno 

4 Ino 

NO i InO ’ 

OH 

OH 


which is reconverted into the original oxadiazole oxide on treating 
.the, 'salt with, acid.,. The latter hypothesis does not .appear to 'us 
to' ' .affo.rd ■ 'ar ',satisf'actGry 'explanation^ in view ^ of ■■ the' , improbability ; 
'that ''.oxygen .'.should' .wander’; with such- 'facility'' from .the' nitro-group, 
to the carbon nucleus and back again, merely tinder the inthience 
of weak alkalis or acids. If the acidic properties are io be ex- 
plained by the presence of a hydroxyl group, it would seem more 
probable that the latter is formed in the nitration of the benzAo- 



68 GPvEEIn^ Al^D ROWE : NITRO "DERIVATIVES OE 

oxadiazole oxidej t.lie pi'odRct of rnigl’il poBftii)ly lie a fliriiiro- 

iiydroxYbeiizisooxadiazole, 

NO, 

> 0 , 

ratlier tliaii dinitrobeiizisooxadiazole oxide. 

Ill order to test this possibility, the pure compound was reduced 
with titanous chloride. If a hydroxyl group is present, 18 atoms 
of hydrogen will he required for complete reduction, whereas if 
there is no hydroxyl group present, 80 atoms of hydrogen will be 
needed.' 

Experiment showed that 80 atoms of hydrogen are required, 
thus proving the compound to be a true dinitrobeiizt^jooxadiazole 
oxide. A¥e are therefore reduced to the conclusion that we have 
here, in fact, an example of hydrogen in the benzene ring possessed 
of acidic properties. 

All attempt was made to obtain a liydroxyTlerivative of benz* 
Aooxadiazole oxide by the oxidation of nitro-^i-aminoplienol, 

with sodium hypochlorite, with the object of pre|>aring its iiitro- 
derivatives. It was found, however, that oxidation of nitro-p^ 
aininophenol iiiicler all conditions resulted in the disruption of the 
ring, accompanied by the formation of chloropicrin, and nothing 
else could be .isolated. The hydroxyl group must therefore be 
added to the list of substituents already, given.. (T., ,1917, 111, 

. 613) which, when occupying the para-position with respect to the 
aminO'-group i.ii a substituted Q-nitroamine, render t^liC' ring iinsta.ble 
to oxidation with hypochlorite. , 

In. view of .the interest attaching to , dinitrobenz'^^ooxadiazole 
o.xide, it appeared desirable to investigate, also the dinitro-deriv-' 
ative of benz'fsooxadiazole, of ..which only the niononitro-derivative, 

> 0 , 

has been prepared' by Brest. (Annale/r, 1899, 307, 69). All our 
.attempts to prepare a dinitro-derivative, however, failed, whether 
■ben 2 is' 0 ox.a.diaz.ole. or. nitrobenz'fsooxadiazole . was employed, . and 
whether nitration: was effected' in 'the cold or at higher .temperatures, 
with one or with more than : one molecular ' proportion of "nitric 
'■acid. , ■'". .■'.;. .f.;.'''';'' . ■ '''.'"'I''.. ■''".■'■■■■"."I'"'.,'". 


/Nn 


k 






oh/Nn 


NOI 


I 
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Fiiialiyj, we have prepared and examined the previously iiiikiiown 
jiitro-derivatives of iiaphtln6*ooxadiazole oxide and of iiaphtli'ii’o- 
oxadiazole itself. Nitration of naphtlm'ooxadiazole oxide in siil- 
pliiiric acid solution with three, four, or five molecular proportions 
of nitric acid, either in the cold or at 50®, gave rise to a single 
product. On diminishing the quantity of nitric acid to two, one 
and a-lialf, or one molecular proportion, the same product was also 
obtained, although in admixture with unaltered iiaphtlii.so- 
oxadiazole oxide. It crystallises in yellow needles melting at 215®, 
and on analysis wdtli titaiious chloride proved to be a dinitro- 
conipound. No trace of a moiionitro-compound was obtainable. 
The dinitronaphthfs'ooxadiazole oxide is very resistant to oxida- 
tion, but 3-nitrophthalic acid in sufficient amount for identification 
was obtained by prolonged boiling with chromic acid and acetic 
acid. This proves that a nitro-group is situated in each ring, one 
being in position 5 or 8 and the other in ■position 4 or 3. Most 
probably the substance has the constitution 


N 


\ 


O 


\/\/ 

NO2NO3 


Ov 


-N. 


Owing to the destructive decomposition exerted l)y dilute alkalis, 
it was not found possible to convert the compound into the corre- 
sponding dinitronaphthaquinonedioxime or diiiitroiiaphthi.sr> 
oxadiazole. 

NaphtMrS'ooxadiazole differs considerably from naplitli/.s’ooxadi- 
azole oxide in its behaviour on nitration. A¥heii nitrated in 
sulphuric acid solution with one and a-half molecular proportions 
of nitric acid, it is completely converted into a product wliicli 
cryvstallises ' in needles ineiiing at 143®. Analysis by tifcanous 
chloride showed this product to be a niononit;roiiaphthi.vooxadiazole. 
Oxidation with chromic acid and. acetic acid produced ■3-nitro-,' 
plithalic acid, showing that the nitro-group is in, position 5'. or ,, 8 . 
The compound most probably has the constitution 



/ Tt ' diffeKf ' from ' the nitro-derivatives which; follow'.' in 'that";',it""is' 
not affected by' a.lkalis and’ does 'not ; react'- with aniline. When the 
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qiiautity of nitric acid is increased to 3, 4, or 5, or even 10, rnokv 
ciiiar proportions, a mixture of two compounds is always obtained, 
tlie separation . of wliicli may be readily effected by means of 
alcoiioL The amount of tlie morea'eadily soluble product decreases 
witb increase of the quantity of nitric acid used, and with 10 iiiole- 
ciilar proportions of nitric acid it is only formed in traces. It 
crystallises in yellow leaflets melting at 147°.. , The less readily 
soluble portion, which constitutes the main product of reaction, 
crystallises in long, 3 ’ellowr needles melting at 196°. On analysis 
wdtli titaiious chloride, the former product proved to be a ino,,n.o~ 
lutronaphthcs'ooxadiazole, the latter a dinitro^.sooxadiazole. Oxida- 
tion of the dinitro-compound produced 3-nitrophtlialic acid, wdiilst 
from the mononitro-coinpoiuid phthalic acid was obtained. Hence 
the iiitro-groups are in positions 5 or 8 and 4 or 3 in the diiiitro- 
compound, and in positions 4 or 3 in the moiioiiitro-coinpouiid. 
Their constitution may most probably be represented thus : 


! 




! } 


m. 


N — 0 



The mononitro-compoxuid differs from the previously described 
isomeride in reacting with alkalis and with aniline. In this respect 
it is simila.r to the dinitro-compound. It appears, therefore, that 
reactivity with alkalis and with aaiiline is conditioned by the 
presence of a iiitro-groiip in the same ring as. the furazan grou|>. 
0 It further nitration, both mouoiiitro-derivatives give, rise to the 
above diuitro-compoiiud. 


E X P E Ji I M E N T A L. 

3 :lj:JJln'lirobi'n:AsQo^AXidiazo!e Oriffe (/JiHiJrobtHz/ifro.raf^) ( I ), 

This was prepared as described by Drost (Annakii, 1899, 307, 
54), by the ' nitration of benze^ooxadiazole oxide in sulphuric' acid 
solution. It. crystallised from acetic acid in large, yellow . needles, 
inelti'iig'at 172°. 

Titratimi^ with ■ Tlianous Ghlom^ required' 29'"8". c.c, 

TiGi^ (1 c.e. ==0*0"01 655,, grams Fe). ■ 

Calculated as T^;Hg(N0).(N02)w 99*a per cent./' that is, 20H' 

required fo.r ,reductio,u,. 
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4(or 3):5(or S)JJmifronaq)hU^^^^ Oxide (Biriitxona-phtha- 

furoxan), prohahlp 



^:02 KO 2 


Ten grams of naphtliwooxadiazole oxide (T., 1917, 111, 616) 
dissolved in 100 c.c. of concentrated sulpliuric acid were nitrated 
637 tlie addition of a mixture of 9 c.c. of nitric acid (95 per cent.) 
and 30 c.c. of concentrated sulpliuric acid. Tli© inixtiire was cooled 
at first, and tlien warmed to 50^ and poured on ice. The product, 
when crystallised from glacial acetic acid or nitric acid, formed 
bunches of small, prismatic needles melting at 215*^. 

Titration with Titanous Chloride. — 0*0105 required 23’6 c.c, 
TiClg (1 c.c. = 0*001801 gram, Fe). 

Calculated as C'|oH 4 (NO) 2 (N 02 )o = 99*7 per cent,, that is, 20H 
required for reduction. 

0131 gave 22*5 Ng, at 16® and 762 mm. N = 20*14, 

C 32 H 40 (jN 4 recpiires N = 20*29 per cent. 

Dinitronaplitliisooxadiazole oxide, when treated with potassium 
hydrogen carbonate in the manner described by Brost for the pre- 
paration of the potassium salt of dinitrobenzf 6 ‘ooxadiazole oxide, 
does not form a salt. It is, however, sensitive to alkalis, and dis- 
solves with decomiiosition in boiling sodium carbonate or dilute 
sodium hydroxide solution, giving a reddish-brown solution with 
the evolution of ammonia and formation of nitrite. If, however, 
a- little dilute sodiiim hydroxide is added to an aqueous suspension 
of the finely divided substance and the mixture cautiously warmed 
to 30 — 40®, solution occurs, and after some time a red precipitate 
separates. This product, which ivS appareiitU" a salt, crystallises 
from water in fine, red leaflets. On gently warming the dry pro- 
duct, it decomposes with slight detonation. On acidifying its 
aqueous solution, a reddish-brown precipitate of impure dinitro- 
iiaphtli'bb'ooxadiazole ' oxide is obtained. When warmed ' with 
aiiiliiie, dinitronaphtlibs'ooxadiazol© oxide behaves in an analogous 
manner . to ' dinitrobenz/A'ooxadiazole' oxide. It' .dissolves ,'with, .a. 
red colour,,' and, 'On ' the, addition" of '■'alcohol an anilide 'sep'arates' 
,"in .reddish-brown .needles," which .nielt;'and' decompose , at 166®. ' ' This 
anilide is .soluble in alkalis 'with 'a red colo.iir, 'shGwing'.'that^ ' r'educ- 
tion to the dioxime takes j>lace simultaneously with the iiitroduc- 
■ tioiFof ■; a,,niline into the , nucleus, 
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111 endeavouring to ascertain tlie position of tlie nitro-groiips in 
diiiitroiiaplitlii50oxacliazol6 oxide, various iiietliods of oxidatioti 
were triecL The substance is not affected by boiling with dilute 
or fuming nitric acid, and only by prolonged boiling witli ciiroiiiic 
and acetic acids was a small quantity of 3-iiitropiitlialic acid 
obtained. TMs crystallised in yellow prisms melting at 218°, and 
gave tile anhydride melting at 163°. 


5 (or ^)-Nitrona27lHM%ooxadiazol e (Nitronaphtluifi^^^^^^^^ 



NO2 


A soliitioii of 10 grams of naphthis-ooxadiazole in 100 c.c. of 
concentrated siilphiiric acid was nitrated in the cold by adding 
a mixture of 3*6 c.c. of nitric acid (95 per cent.) and 15 c.c. of 
concentrated sulphuric acid. The product crystallised from nitric 
acid in almost colourless, silky needles melting at 143°. It is not 
affected by boiling with aqueous alkalis or alkaline sodium iiy|)o- 
chlorite. It does not react with aniline. 

TUmUofh with Titcmous Ghloride, — O'Oiri required 20‘4 c.c. 
TiCljj (1' c.c. = 0'00r708 gTam Fe), 

Calculated as CjoH5(NoO)-n 6.,=99'6 per cent.,, that is, 1211. 
required for reduction. 

, Prolonged boiling with chromic and acetic .acids converted this 
iiitroiiaphtliMooxadiazole into 3-nitrophthalic acid, melting at .218°, 
and forming the aiiliy chide ' melting at 163°. 


4(or 3): 5 (or ^-BinUrona^^^ {Diinlroiiu, 

■ furatan)y 

/xV\ 


> 


■N 


\/\/ 

NO, NO, 


A, solution of 10 grams.of nap]ith/iooxa.dia.zole in lOO c,o,. of 
■coiicentrated sulphuric acid was treated with a mixture of Sh cnc. 
ofhiiifcric" acid. (95 per cent.) and 25 c.c. of co.nceiitrated sulphuric 
acid. The mixture was cooled at first' and then wui-rmed to 40'i 
The product crystallised irom alcohol in long, yello w "needles mclh 
iog at 196°., '■ , ' 



ISO-OXABIAZOLE OXIDES AKD OF ISO-OXADIAZOLES, 


Tlie same snljH'baime is obtaiimcl l)y fiirtlier nitration of eitlier 
of the two moiioiiitroiiaphtiusooxadiazoles. 

Titration inifh Tlfanons fJhlorkle. — 0“01 rec|inreri •22'5 e.c. TiCl. 
(I c.ci. “0*001,712 gram Fe). 

Calculated as C3 qH4(NoO)(N 02)2 = 99‘4. per ceiil:., that ISH 
required for reduction. 

Dmitronai^^^^^^ dissolves in boiling dilute alkalis 

witli decomposition. On- the 'addition of a few drops of sodium 
hydroxide to a finely divided aqueous siispeiisioii and gently warni- 
iiig, a yellowish-brown solution is obtained, from which a brown, 
ilocciileiit precipitate separates on keeping. This precipitate^ when 
decomposed by acids, does not yield unaltered dinitronaplitlit^n- 
oxadiazole, Dinitroiiaphthfsooxadiazole dissolves in aniline, on 
warming, with a reddish-brown colour. On the addition of alcohol, 
an anilide separates in long, reddish-brown needles melting at 98*^ 
and soluble in alkalis. Prolonged boiling with chromic and acetic 
acids converts the diiiitronaphthf^ooxadiazole into 3-iiitroplithaIic 
acid melting at 218“^, and forming the anhydride iiielting at 163*^. 



NO2 


On concentrating the mother liquors from which dmitroiiaplith- 
7-s^ooxadiazole has separated, a second crop of crystals is obtained. 
After twice recrystallising from alcohol, the product forms yellow 
leaflets melting at 147*^. No method was found by which naphth- 
fis‘ooxa diazole could be completely converted into this compound. 

Titration with Titanous Chloride. — 0 ’ 0102 , required 17'7 c.c. 
TiClg (1 c.c. =0*001801 gram Ee). 

Calculated, as C3oH5(N20)’N02=99‘9' per .cent., that is, ,12H 
required for reductioix. 

■d-Nitroiiaphthisooxadiazole dissolves -in boiling dilute alkalis 'with 
decomposition. On', addition of a 'few drops of sodium hydr-' 
oxide to a finely divided aqueous suspension of the compound and', 
gently warming, 'it dissolves with an ' orange-red , colour, and, a 
brown, fioccnient . precipitate ■separates.' : on , keeping.'.' This , pre-; 
cipitate.is" decomposed b,y acids, but- does not yield unaltered .nitro- 
naphtM^ooxadiazole. Nitron'aphthfsooxadiazole,- dissolves in.' aniline 
oil' warming, .with a reddish-brown ''"C'Olo'Ur,. '' On' ■' the .addition". of 
alcohol, an' anilide crystallising in' red .needles melting at' 94^ 'and" 
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soluble ill i'llkalis is obtai:ued. Prolonged ].)oiliiig witli cliroinie 
and acetic acids eoiiverts this nitronaplitluKooxadiaxole^ into 
plit'halic acid, fi-orri wliieli the anhydride melting at. is 

ol3 tallied. 

Ill conclusion, we desire to express our thanks to Miss Eva 
Ilibbert, who lias kindly carried out the titrations of these iiitro- 
coinpoiinds wdth titaiioiis chloride. 

Dvestijfp Px,.esearch Laboratory, 

J^IirNTeiP-iL School of Technolocy, 

AIaxchester, [ lieeeli ’ pd ^ Deoemher 1017.] 


X . — The Mercury Ammonia Compounds. Part. L 

By Muriel Catherine Canning Holmes. 

A LARGE number of solid products of the action of aqueous and 
dry ammonia on mercury salts, either in the presence or absence 
of the corresponding salts of ammonium, have been described as 
distinct chemical com|)ounds, but as the solids are in some cases 
iioii'-crystalliiie precipitates, and the only evidence of their being 
chemical conipoiinds is the approximate correspondence of the 
analyses ' with simple chemical formulae, it is not improbable that 
some of these so-called compounds are solid solutions, the composi- 
tions of which vary with the conditions of precipitation, or even 
mixtures of two distinct phases. ■Franklin {Ainer. Gliem. */., 1912, 
47, 361. See also /. Ainer. Gkem. Soc,, 1905, 27, 835; 1907, 29, 
35; and Eeitsch, anorg. Ghem., 1905, 46, .1), in' an excellent 
summary of the extensive literature on this group of compounds, 
has ' emphasised the worthlessness ' of the evidence on whidi some 
of the products obtained have bee^n characterised as chemical 
individuals. Pour modern investigations of Gaiideclion (/iv^/n 
Ghim. Phys., 1911, [viii], 22, 145), Stromliolm {ZeiUch. anor(f; 

,1908, .57, 72), .Widman {ZeiUch, miorg. Gliem.^ 1910, 
68, 1), and Praii^ois {Gomft, reticL, 1900, 130, 332, 1022), to 
which reference will have to be made later, have, hovrever, fimiislied 
results whicli were shown to be consistent with the phase mile, 'and' 
ill certain cases with the mass law. 

. The,' merc'iiriaiamoiiiimi compounds can be grouped under, the 
three following' classes: 

The additive compounds, of, mercury salts, and. ammonia,' of 
which .fusible precipitate, HgCi 2 ., 2 .NH 3 , is the best known , ’exam'p,le. 
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II. Tlie aminoiiolysed compounds, in wlik-li one or oilier of tlie^ 
anrinoiiia residues NITo, NPI, or N take tlie place of acid radicles 
ill a iTierenry salt. Infusible ]U'eci|)itate, (TO^s^NH,;-;, is tlie simplest 
represen tatvive of tliis class. 

ITT. Tlie compounds wliicli are botli liydrolysed and arnrnono- 
lysed. For example, tlie cliloride of Milloii’s base 

HoN-Hg*0*HgCl 

or HO*Hg-NH-HgCL 

It sliould' here be mentioned that Eanimelsberg (J. pr. CJIieni., 
1888, [ii], 38, 563), P-esci (GazzeUa, 1889, 19, 509^; 1890, 20, 485)’ 
and Gaiideclion (loe. cit.) advocate the formulation of all three 
classes of substances as molecular compounds of diinerciiri- 
ammonium, ClHgoN, with diherent molecular proportions of water, 
ammonia, ammonium salts, and mercuric salts. However, Hof- 
mann and Marburg (A^iyudeu, 1899, 305, 191; Zeitseh, anorf/. 
(jliein.^ 1899, 23, 126), and Franldin {loc, cit.) have pioiiited out 
that this niiusual method of formulation cannot be aclopted in 
the case of the mercury alkyl- and aryl-amines, although these 
must, in the absence of any evidence to the contrary, be regarded 
as constituted similarly to the corresponding inercuriammoniiim 
componnds. Furthermore, the same authors have shown, in the 
opinion of the writer convincingly, that Bammelsberg’s diinercuri- 
aminoiiiuni theory is supported neither hy analogy nor by any 
single fact which cannot be as satisfactorily explained b}^ the older 
and more natural view of the structure of these substances. 


The Aflditlve Goiniyounch of Aler curie Ghloride and ximmonia. 

Mercuric chloride unites with twelve molecular proportions of 
ammonia when it is treated with liejuid ammonia, and at the same 
time arnrnonolysis takes place in accordance with the equation 
(Franklin, Zoc., ciL) HgFJlo,12NHs-01HgNH> + NH^Cl 

The ainmoninm chloride produced ' dissolves in the liquid 
ammonia. It ' is ■ probable that the change is reversible, and that, 
in the presence of a saturated solution ,of ammonium .chloride' in 
liquid ammonia the amniine would be stable. 

By the action of gaseous ammonia on mercuric chloride, fusible 
precipitate, .HgClg^SNHg, is formed';;- but "this .compound ca,ii' be 
.obtained. 'as well-defined crystals; by-" dissolving infusible precipitate' 
'nr' they chloride, .of''' Millon’s base, in.'' a- hot saturated'' solution 'mf 
a.mm.onium, chloride, .an.d ' cooling' the /'hltered' solutio'ii'. ; '■ ■ In this 

♦ The term ammonolyse was introduced by Franklin. Its meaning 
coiTes}ion.ds witli i hat of hyclro1y.se. ' ■ 
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ease, it lias l>een sliown by Gaudeclioii (lor. rif .) tliat tlie aetio:i:i:i 
are reversible, in aeeordanee witli G'le equations 

(qHL-OHgNH.ANH^Cl — 2CiIlgNHoT ILO, 
'’ciHgNtChNH^Ci HgCU,2'NH;^. 

The product obtained by Kane (iLwi. Ghm. PIv^s.^ 1839^ [ii], 
72, 215, 337) by beating mercuric chloride in dry ammonia, or by 
volatilising a mixture of mercuric oxide and ammonium chloride, 
and supposed by him to be HgCl 2 ,NH 3 , is, according to Pesci 
(Qazzetta, 1890, 20, 485) and Dainmer Ilandbiich der Anorg. 
Cliemie/’' II, 2, 803), probably a mixture* 

It is therefore unlikely that any compound of mercuric cliloride 
and ammonia containing a less proportion of ammonia tliaii fusible 
precipitate has been prepared. In order to test if such a sub- 
stance is capable of existence, dry ammonia was passed into an 
ethereal solution of mercuric chloride, the current of gas being 
stopped before all the mercuric chloride had been precipitated. 
The liocciilent precipitate was 'washed with ether, left in a vacuum 
desiccator for several hours, and then analysed/*' The analysis 
furnished the following numbers : 

Eoiiiid: Hg = 69-34; 01=24-30; NH3=5-98. 

HgClo.NHs requires Hg = 69'52; 01 = 24-58;. NH3=5*89 per cent. 

This analysis proved that a lower ammine of mercuric chloride 
must exist, but it did not show that the compound was HgCIgjNHjj, 
and, as a matter of fact, it will he shown later that the precipitate 
was almost certainly a mixture. 

When the ethereal solution of mercuric chloride was saturated 

* As the iiierciirianniidnitmi compounds lose tlieir ’ ammonia only after 
prolonged boiling %¥2tli concentrated alkali, and as the clilorin© ion cannot 
be.preeipitated completely ill the presence of a mercuric salt by silver nitrate, 

' a special method of analysis had to be employed. 

■ To estimate the mereuiy and ammonium, the salt to be analysed was 
dissolved in ' dilute hydrochloric -acid : tho. mercury' was precipitated ■ as 
sulp'Mde with hydrogen sulphide, and the precipitate collected, '' dried, and 
■ weighed in a., Gooch crucible. ..Th© filtrate and washings' were boiled to 
remove hydrogen sulphide. Sodium hydroxide ivas then added to the 
'cooled solution, and ' the /ammonia distilled off into a standard" solution of 
acid. 

, To; estimate the ' elilorine, another weighed portion of the salt' was dissolved' 
in dilute sulphuric ■ acid, ' the mercury in the solution precipitated by hydrogen 
' sulphide, and -the' sulphine xe-moved-by filtration. The hydrogen sulphide 
in' the filtrate was then removed 'as' completely as possible in a vacuum, the 
' small, quantity' wliicli ,■■ remained ..being precipitated , with : eo'pper' sulphate i'n 
slight . e'X'Cess. .'The copper sulphide was. filtered off and the chlorine deter- 
mined in the filtrate by 'preeip,itatio.n with silver„nitrate. 
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witii ammonia 5 tlie comioosition of the precipitate was approxiui” 
ately that of fusible precipitate, HgCUi^NH^. 

All attempt was next made to prepare the lowest aiiiiiiiiie, 
iiaiiiely, that which is stable in the presence of the solid mercuric 
chloride, by shaking the finely divided fusible precipitate, prepared 
as above, with a saturated ethereal solution of mercuric ciilorkle. 
The, analysis furnished results in agreeinent with the foriiiiila 

HgCl,,33 (NH3)o.,,sr. 

The product must therefore have been partly animonol 3 ^sed during 
the washing with ether. 

As the analysis appeared to indicate that it would be difficiilt 
to obtain a pure substance by the above method of preparation, 
another mode of preparing the substance, which it was thought 
might fiiriiisli it in a crystalline form, was tried. The experh 
meiits with ether had demonstrated that the compound it was 
desired to prepare was stable in the presence of a saturated solu- 
tion of mercuric chloride in ether. It ought therefore to be stable 
in a saturated aqueous solution of mercuric chloride provided that 
ammonium chloride in sufficient quantity to prevent ammonolysis 
is dissolved in the water. From such a solution, therefore, an 
attempt was made to prepare the crystalline ammine. 

Infusible precipitate was digested at 100^ with solutions of 
mercuric chloride of difierent concentrations in an approximately 
concentrated solution of ammonium chloride, the solution filtered 
while hot from the undissolved precipitate, and allowed to cool 
slowl 3 ^ Well-defined crystals began to separate out when the 
temperature had fallen almost to that of the laboratory, and 
gradually increased in amount for several hours. The crystals 
were rapidl}'- separated from the mother liquor by means of the 
pump, washed twice with alcohol and twice with ether, left in the 
vacuiiiii desiccator for several hours, and then analysed. The 
results, which are recorded in the following table, show that a 
compound, 3HgCL2,2NH3, undoubtedly .exists, and that .it 'is .improb- 
able' that there is a compound, stable 'at the ordinary temperature, 
iiiteriixediate in composition , between this and. fusible precipitate, 
•HgCl2,2NH3....' y ;; J 

Ill the top row of the table is given the composition of the liquid 
phase, in 'grams of, mercuric, chloride .in 100 grams of water.contain- 
ing; about' 42 g.rams ' of ammonium- chloride, , a'lid in the next,,' three 
rowsV.'are' the-, "iiercentages of .ammonia,' a'nd chlorine iii the 

:Solid pliasOr,''', . 
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Pei’ enat. of 

Hg ........... 

NH, 


Per cent, of 
Hg 
mi. 


130 grams. 
70-89 
4 ' 06 () 


110 grams. 
70-81 
3-098 


130 grams, 
70-02 
4-022 
25-01 

100 grams. 
65-46 
10-70 


HgOL,2NH3 


130 .grams. 
70-7S 
3-08 
25-01 

3HgCL,2NH;i 

95 grams. 
65-20 
10-66 


HgCL,2NH3 


70-88 

4-086 


3HgCi„2NH, 

05 grams. 
04-20 
11-48 


HgOL,2NH3 


Cl — 

Compoiuicl 

separated SHgCi.^NHs 


CL.............. — - 

■ Compound 

separated 3HgCL,2HHi5 


3HgClo,2HH3 requires Hg=70-84; NH3=4-01; 01 = 2545. 
HgClo,2SH3 requires Hg = 65-57 ; NHs—ll-lS; Ci=23-13 per c.eiit. 


Stroiiiliolm claims to liave establislied tlie existence of a com- 
]}ouiid of tlie formula HgCL^Hs^HgCl, and Gandeciion of tlie com- 
pound HgCl2(Hg*N‘HgCl)2,; bnt that the work on these compounds 
needs to he repeated is shown by the following quotation from 
Franklin's monograph on the mercuriammonium compounds. 

Stromholm was not sure of the existence of a chemical in- 
dividual ' of the formula HgsNoCl^. Gaudeclion, on the contrary j 
obtained results pointing sharply to the formation of this com- 
pound, and asserted his belief that no compounds intermediate in 
composition between Hg^NoCI.^ and the normal salt exist; that is, 
Gaiidechoii does not accept the existence of a compound of the 
.formula NH^HgCMigCL.” 

I have therefox^e repeated Stromholm ’s wmrk, and have obtained 
results which . coiiliriii his conclusions. 

A dilute solution of ammonium ' chloride was nearly satura.ted 
with mercuric chloride. It was then heated at lOO^ for one or two 
hours with infusible precipitate, liltered, and left to cool. Tlie 
]>recipitate obtained was in the iorm of a hue, white powder wlilcli, 
after cvasliing and clrying, .was much more loose and bulky than, 
the other in.erciiria,mmoniuin precipitates. When the ammonium 
eliloride was very dilute,’ it was necessary to employ a.s much as 
:2, litres .of solution ' in order to obtain a qua,utity of precipitate 
■sufficient . for analysis. From the more concentrated solutions ' of 
ammonium ' chlorid'e, the precipitate 'began to be formed , at fairly 
■Irigli temperatures, \vhereas from dilute solutions it did not separate 
iiiitil the, temperature of the laboratory, was reached, 'The pre- 
, cipitate w^as" collected, .'w.ashed, and' 'analysed 'by ; the ■'method 
■.d'es,Gribed above. ' The .composition' of the precipitate " varied only 
'.slightly with ■the amount of ammonium ■ 'chloride . i.ii . the .solu.tio,n 
'r'aM'.' the 'temperature.^ ■at' which it wa's-'formed.'' '■ 



SPAEK-LE^N’GT.HS IN HYDROCARBON OASES AND YAPOHRS. 79 


Gram of 
NH,.,iCi in 
100 grams 
o'f water. 

Temperature 
of precipi- 
tation. 

1 

50-— 30'= 

1 

30—15 

0-3 

30—15 

0-3 

30—15 

0-3 

30—15 

0-5 

o 

1 

o 


HgCL^IHNHgCl requires N= 


Percentage eompoaitioii and 
atomic ratios for solid phase. 

N. Hg^ ~~ai. 

2*83 75*3S ™- 

[1] [D86] — 

2-95 74-66 — - 

[1] [1-791 

75-80 -™ 

75-00 
[1-91] 

75-50 — 

[1-87] 

75-60 20-63 

[1-90] [2.91] 

76*81 ; 01 = 20-32 per cent. 


2-76 

[ 1 ] 

2-83 

[ 1 ] 

2*78 

[ 1 ] 

2-675; Hg = 


Tlie approximate constancy of the composition of the precipitate 
obtained under such varying conditions of temperature and con- 
centration of the liquid phase proves that it is a single phase, whilst 
the fair agreenient of the atomic ratios with those of the compound 
HgCLjHgNHgCl shows that it can. be regarded as this compound 
with small amounts of the constituents of the solution in solid 
solution. 

Gojichmon. 

(1) A new additive compound of mercuric chloride and ammonia 
of the formula 3HgCh,2NH3 has been prepared. 

(2) vStromholm's statement that a compound, Hg^CIjjNHo,, exists 
has been confirmed. 

Sib Leoline Jenkins Laboratoby, 

J EStJS OoX/£iEGE, 

Oxford. Novmnhar 8^/?, 1017.] 


XL — ^‘Spark-lengths” in Hydrocarhon Gases and 

Vapours. 

By Robert Wright. 

In a former paper '(T., .1917, lll,-6.43'), the spark4engths obtained; 
in .various substances were 'compai'ed .with those in- air, the tempera- 
ture, pressure, form of spark-g-ap,. a.nd -voltage, being .the, same',-,in 
each comparison., .In the present work, similar ineasurements have- 
been , made ■ for, hydrogen, - benzene, toluene,.,, and' several' 'of. ; the 
para-ffin .hydrocarbons,' the ..method. ..employed .being; identical ; with,' 
■that -already described. " ■ . ' ; 
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Each result tabulated is the mean of three or more measures 
ments,, wliicli often differed considerably ■amongst each other, 
sekloin by le.ss than 10 per cent. Still, it is obvious that increase 
of molecular weight in the series is attended by increase iii 
iiisiilatiiig power, the sole exception noticed being that of tso- 
pentane, which would seem to offer a considerably higher resist- 
aiice to the passage of the electric discharge than the iioriiial 
compound, or, indeed, than the following member of the series. 
The sparh-lengths obtained for benzene and toluene are^ practically 
identical, and do not differ greatly from, that shown by hexane. 
All measiire'iiients were carried out at 138^. 


Substance. 

Air-gap = ■ 

30 mm. 

Air-gap = 
20 mm. 

Hydi’Ogen 

so 

65 

Methane 

- 31 

22 

Ethane 

25 

18 

Propane 

20 

15 

?'i“Biitaiie 

16 

13 

'/'i,-Pentane '... 

14 

11 

fsoPentaiie 

10 

8 

Hexane 

12 

10 

Heptane 

0 

6 

Benzene 

13 

9 

Toluene 

12 

9 


The measurements were carried out at the request of Dr. R, V. 
Wheeler, who supplied all the paraffins employed. The substances 
used were prepared and purified as foliow^s : Hydrogen: prepared 
from zinc and sulphuric acid, the gas being passed through a series 
of U-tiibes containing glass beads moistened with (<:i) lead iiitratC', 
(6) silver sulphate, (c) potassium hydroxide. . Methane: natural 
marsh gas from a blower in South. 'Wales, purified by liquefaction 
(0114 = 99T) P®^‘' csi-^t.). E theme: f roni ' zinc ethyl by the action 
of .water, purified by liquefaction (0011^ = 99 per , cent.). Propane 
and ndytiiaiie : by the action of -nascent hydrogen, from zinc dust 
and dilute, hydrochloric ; acid, on the corresponding alkyl iodides, 
purified by liquefaction. The pi^opane contained 98 per cent, of 
the pure substance and the butane 99*6 per cent. Pentane and 
iBopeiitcine pure liquids obtained from Kahlbaiim, , Hexane 
•d^nd , heptane were fractionated from petroleum, and eacli sample 
consisted of a mixture of’ isomerides. Benze^ie: this was' a' pure 
sample" obtained from ,Kahlfoau.m. Toluene: the sample was' 
fractionated from the commercial product and boiled, at 110^.' 

Chemical Xaboeato'ey, . , 

'Queen’s IJjsuvERSiTY, 

'.'Belfast.'' ■ Bccem-^ef 
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Xl'L -— Balance Cases. 

By BEimiAM Blount and William H. Woodcock. 

In a recent paper (Blount, T., 1917, 111, 1035), it was slioAvii 
tliat wliereas it is generally accepted tliat a balance by a maker 
of the liigliest repute sbould indicate with certainty a difference 
of 1 part in 2,000,000, say 0*1 milligram with a load of 200 grams 
in each pan, yet as a fact six balances of the best kind procurable, 
tested by three skilled observers at two places, under the most 
careful conditions and with standard weights, showed variations 
of 0*4 to 1*6 milligrams over four months. 

This fact was ascertained in the course of a research begiiu 
about three years ago and, unfortunately, interrupted by the War. 
At the beginning of the research, the accuracy and constancy of 
the balance were taken for granted, particularly as so moderate 
a sensitiveness as 0*1 milligram with a load of 200 grams in each 
pan was sufficient for the purpose in view. 

The main object of the research made it necessary to weigh with 
the degree of accuracy already mentioned in any gas inert towards 
the materials composing the balance and the matter to be weighed, 
or in a vacuum, with approximately the same ease as ordinary 
chemical and physical weighings are performed in balance cases 
of the usual construction. 

Little work of the kind has been done in this matter, although 
various vacuum balance cases have been made. Before beginning 
the work, all recorded instances were investigated, and by the 
kindness of M'r. Wilfred Airy we were allowed' to examine the 
vacuum, balance at the Board of -Trade. ■ : , 

Of all the published accounts, the only paper which was of use 
to us, was that of Crookes {Phil. Trans, ^ 1873, 163, -,277). , Sir- 
William Crookes .explained ' -the whole matter to iis 'personalij,- 
and we here record our great sense of obligation to him. 

We wished, hoW'ever,' to 'improve on, what liad been'',dO',ne, - and 
with the aid- of Messrs. Casella, ' the well-known .instnimeht ■ in,akers, 
designed a -,haiance ' case , iii' which the ordinary . wooden , balance 
case was reproduced, in every' essential, but ,in gun-metal" (Figs. ',1 
and 2)., The'' top , is of. plate.-glass about- 1*9 ■ cm. ,. 'thick, "'sufficient' 
to withstand - atniosp.heric pressure - when the -' case;, is,""' exhausted.;,^ 
'The door, which - is of -plate-glass';' in,.' a''-; gun-metal frame, is carried 
on, a ".loose 'hinge 'and' can 'be brought dip., square .W'ith the case and 
■tightly - -closed ' by " means- ,"of . ' thum'b-screwB'. , ,' .A.11 surfaces',;' are scraped 
as'-' foir '''a:'',',--6'iirface/'.;platev',:,/;T-h'0 -^^^ of 750 



'82 ' BLOB'KT AND WOODCOCK': VACUtTM ' BALAmiE : CASE 

Jdlos. and tlie front about 1000 kilos.' The inode of raising and 
lowering tlie beam is precisely tliat used for the ordinary analytical 
. .balance, bii't ' as,: tbe balance case must be air-tiglity .the earn sha:i’t 
.passes tlirouglr.a stuffing 'box.. ' In like "manner, tile rider-rod passes 
tliroiigii a stuffiiig 'box, and: as it was found impossible to get this 
: tiglit with the ordinary movements of a ■rider-rod, an arrangement 
by which the rider could he moved "by a screw motion was adopted. 

The first test showed that the case was not tight. It ivas 
naturally ' supposed ' that this- was d-ue to inaccuracy of mechanical 
fitting, and various methods of making the surfaces come 
'■ physically together were tried. 

The ordinary mechanical mode of making a tight joint between 
two metal surfaces is.to ■insert a ring or washer of a .softer metal, 

„ : Lead"', 'appeared . to be .unsuitable, '-as- it 'might be' corroded, so ' gold 
/. "Was;, tried' as", a ■ similar ■'■.plastic, -metal, ' .■ It., iiiay'Le remarked t-liat' 
pure , .gold "is, extremely difficult -to-; ha'ndle, and' many hours we:r© 
" spent. in fitting- the : gold washers accurately to the gun-metal case. 

This mode of making the case tight was a failure. Re-niaohining 
; and',,-, scraping 'of 'the metal , surfa-ces-'. caused „ little improvenie'nt. 
;,■ .tJItimateljb''' iti was that .'the-, .metal ^ .was so porous 'that to 

. maintain a vacuum within it .'was impracticable. Accordi,ngly, the 
gun-metal case was tinned by immersion in a bath of molte:n tin, 
and was still porous. It was then enamelled both inside and out, 
and leakage considerably reduced. We were, of course, aware that 
gases find their way through metal under high pressure, but w^ere 
-, ,':surp-rised'',at,' the : large leakage, which occurs with such -.an alloy, 

,', 'in e^chaiiically, sound and with its pores ’.well blocked .with .tin, "at-.' so 
: 'small a.-press'ure as ,1 kilo, per sq.mm>, '.- ■ 

As mentioned .above, , 'washers " were , made of very pure, a'ud soft ■' 
gold, and e.v-ery^.'-.-effort was" tried'.-t,o.,moiistruet -.a,, case '■■satisfactory 
from an engineering 'point.'of view'.; ■'.■: .These' e’ffor.ts faile-d^ ai'id'.the 
methods of '"the- chemist had 'to ...be'.. ■adopted. ,„The,' plate-glass '.top 
and door, instead of ' being, '.fitted' to a; ' scraped "gmi-metaT surface,' 
were made tight with', vacuum ..grease ■ a'pplied' .to-.tii'e, sa.me surfaces.'. 
The gun-metal ,-c-ocksy two s-ets of' which^'' -were, tried, ■were.ab'aiidoned: 
in favour of, glass. '■„■ With 'these ' impro.vements,; the cas-e' was ■fairly 
satisfactory. . , ■ , ' ■ 

Using a Gaede pump, we were able to obtain a fair vacuum 
■with a leakage of somewhat levss than 0*01: mm. p,er', hour. 'It 'was',, 
necessary, for the object in view, to obtain and keep a vacuum 
of something like 0*001 mm. for an hour without the continued 
or renewed use of a pump. In short, it was constancy of coiidi- 




GtriT^METAL VACUUM BALANCE CASE, WITH BOOB SHOWN OPEN. 








GUK'-METAIi VACUUM BALANCE CASE WITH DOOR CLOSED. 
Rider rod on right with screw travel and vertical motion 


GLASS VACUUM BALANCE CASE. 
Glass rider rod on right ground to fit parallel in 
allowing travel and vertical motion. 
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It/ is as near . all approacli to tlie ordinary analytical 'bala,iice, 
operated in tlie same way hut capable of being used in any , given 
atiiiospliere (provided it is, not corrosive), as lias been designed, to' 
tliei best of onr knowledge* It can be used as readily with a 
moderate plenum as with a vacuum. The shifting of both the 
main -weights and ' the rider can be easily effected with' the ■ -single 
necessity of renewing the atmosphere (or vacuum) when the main 
'weights are moved, in which it is intended to work. ' With modern 
methods of producing a vacuum or introducing gases from cylinders 
containing them under pressure, these operations present no 
difficulty. It may be noted that all such proceedings take time, 
and any want of constancy of the balance itself will nullify the 
results of whatever experiment is in hand. 

As it seemed impracticable to make a ineta.1 case gas-tight, it 
was decided to' use glass wherever .possible. A- bell|a'r' suggested:' 
itself ' as ^'a suitable , case for ■■&.€• balance, .ff he' .size was' a':difficiilty,',, 
and the largest procurable had no side tubulus. Accordingly, one 
was blown on, and we owe thanks to Messrs. Cossor for accomplish- 
ing a difficult piece of work (Fig. 3). The bell-jar was ground to 
fit, a , thick :glass plate.: carried' on, a- gun-metal 'plate. Through 'The':'- 
middle of the two plates was a tube by which the rising and fall- 
ing of the beam of the balance could be controlled. A Bunge 
balance with a 15 cm. beam was used, as w© could obtain no bell- 
jar that would cover a balance with a longer beam. The rider 
was coiitrolled by a rider-rod capable of the same free movement 
as that of the ordmaiy analytical balance ; eventually the prin- 
ciple of the ordinary glass hypodermic syringe, used without pack- 
ing, was adopted, and again we have to thank Messrs. Cossor for 
a'(X!oinplishm.g,'a diffic.ult.'piece of work.- , 

The all-glass hypodermic syringe consists of a glass ]>lunger 
groiind to fit thev outer the syringe. It is fairly easy to 

grind conical surfaces to fit, blit grinding cylindrical surfaces to 
a similar accuracy is not so simple and becomes difficult when the 
material is glass. The difficulty is much enhanced when the length 
of the cylindrical surfaces is increased. The all-glass hypodermic 
syringe is a cheap and effective apparatus, but it is only about 
5 cm. long and has only a small opening at one end. It was 
necessary to make a glass rod, ground to fit a glass tube, with 
such accuracy as to be almost vacuum-tight, having a travel of , 
:|:i;;;cmy''':;lI|;:would,(be'''::Ied'iQUS;4^ 
somblhing^/tyhich'U-chieyed.i'its'purpdsf::^ 

The balance case can be exhausted to within 0*001 mm., and this 
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moved witli tiie same ease as that of a balance in an ordinary case. 
Til© shifting of the larger weights involves breaking the joint 
between the bell-jar and the plate to which it is ground— a distinct 
drawback — and a cause of delay. For all that^ however^ it is an 
apparatus which may prove useful for the kind of research on 
which we are intent. 

All that is necessary iioiv is a balance which will fit into this 
case and give constant readings for, say, a year with an accuracy 
of not less than 1 part in 2,000,000 (O’l milligram on 200 grams 
ill each pan), and we venture to think that it is not beyond the 
power of our balance makers to build such an instrument. 

76, 'Yoke; Street, 

Westminster, S.W. \Iteceived, November ZOth, 1917.] 


XIIL — The ConstitiUion of Carbamides. Part F. 
The Mechanism of the Decomposition of Urea token 
Heated in Solution with Alkalis and with Acids 
respectively. The Hydrolysis of Metcdlic Cyanates. 

By Emil Alphonse Weenbr. 

"When urea, dissolved in a solution of barium hydroxide, was 
heated, ammonia was, evolved as soon as the boiling point was 
reached, whilst several minutes elapsed before opalescence, due to 
separation of barium carbonate, appeared. This observation 
showed that .carbon dioxide and ammonia -were not simultaneously 
evolved at the outset of^ the deco.mposition, as indicated by tlie, 
usual equation, adopted to express the change, namely, 

+ Ba(OIi)2 == BaCOg + 2FH3. , 

This fact was much more niarked when a quantitative exainination 
was made. Thus, when’ urea and barium hydroxide, in equal mole- 
cular proportions, were heated at- ■ 100° for two' hours in aqueous 
solution at concentration A/ 7, the', amount of ammonia evolved' 
was ■ equivalent to TOm percent, of hydrolysis,” whilst the pro- 
portion of,' barium carbonate precipitated corresponded with' only 
12-5 per , cent, of .cliaiige, calculated' on,, the basis .of' the above 
equation. 

' It is obvious', that the' usual ■interpretation of ' this' reaction is 'an 
' erroneous one, and it ■furnishes but another 'illustration, of 'the 
"manner by 'which a decomposition'of urea has, been accepted ' almost 
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a priori oii the basis of the earbamhle con fi tyuratioii without a 
proper investigatiou of the change. 

The expreasion ‘ ]i3ulrolysis of urea/ which is' generally used 
witli reference to the above decoin position, lias been, purposely 
avoided iii giving a title to the present paper, since it lias been 
clearly shown that urea was not directly hydrolysed when decom- 
posed ill the presence of acids or alkalis. 

The relation which exists between urea and aininonium cyaiiate 
is a very simple one, namely, whilst the latter is produced from 
the union of ammonia with cyanic acid in the eiiol ’ form 
(HO*CN), urea is the result of the nnion of ammonia with cyanic 
acid in its ^'keto’ form (HNICO) (T., 1913, 103, 1013, 2276)." 

Herein lies the true difference between the two isomerides. 
When careful attention is given to the fact that dissociation into 
ammonia and cyanic acid is the first change which accompanies 
the action of heat on urea, all phenomena connected with its 
decomposition in solution, either alone or in the presence of acids 
or alkalis, are easily explained. 

An isomeric transformation of urea, as a preliminary to its 
decomposition, as suggested by Eawsitt {Zeitsich. fhynhaL C/Aew., 
1902, 41, 601) and by Burrows and Eawsitt (T., 1914, 105, 609), 
is a quite unnecessary assiimption. 

I)e€o?7iposiUo}i of Urea in Aqueous Solution in the Presence 

of Acids, 

This cliaiige is represented thus: 

TSJT-T 

Phase I. HN:C<1 ^ + HCl - NH^CI 4- ( H KCO HOCN) 

, Phase IT. (MNCO HO-ON) + HgO + HCl - HH^CI -f CO., , ' 

Si,nc6- cya,nic acid is very' rapidly hydrolysed, the velocity of the 
whole reaction will be regulated by the rate of dissociation of urea 
(at 100*^), when both products of dissociation are removed practic' 
ally , as fast as they are, generated. 

.The basic property of urea ’is much more .pronounced than': .that" 
commonly associated with acid amides, a factvw^hich 'in itself miay 
be used as,' an argument against .such a structure_/l and when hydro-; 
chloric acid', is added to an; aqueous' s'olution of urea, an equilibrium 
is established between the base and its hydrochloride. Thus, in a 
normal ' solution,':. Walker, and .■'Wood , (T.., 1903, .83, 4,84) found: that 
45 per cent, of rirea 'hydrochloride " was ,un.dis.sociated, a condition', 

■ ■,;';■■*, ' In,: .this, respect ',, urea, 'bears a' much : greater' resemblance to the aminO"' 
acids, a type of constitution which is implied by the cyclic formula. 
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wilieli, aecorcHiig i.o i'lie. autliorS views, is represented by tiie 


l' ul 1 o'w i n g e q ii a t i cn i : 

- + H0! 

r>5 per cent. 



hn:g< 


:N'fL,HCl 

011 “ 


45 |)er cent. 


Now^, since it is only 'free’ urea wliicli gives rise to the first 
phase of the cleconiposition, the velocity of the change might be 
expected to diiiiinisli with an increase in the concentration of 
liydrocliloric acid. This, however, would be only slightly per- 
ceptible at all concentrations iniicli below normal, since by far 
tlie greater part of the urea would l)e in the free state at' the out- 
set, and hence only a small amount of change in. direction (//) 
would l>e involved throughout the whole progress of the reaction. 

If, on the other hand, most of the urea was ^ fixed' at the out- 
set as urea hydrochloride, the velocity of the change would be 
determined by the diminished rate of dissociation of ' free urea at' 
low concentration, and this -would be maintained fairly comstanb 
up to a certain point,'’'- since the change in direction (h) would 
only keep pace with the rate of disajDi^^arance of free urea. 

The following results, which were obtained by heating solutions 
of urea with hydrochloric acid to the boiling point under reflux, 
will suffice to illustrate the points just mentioned. 


Table I. 


(I.) Urea, iT/o; HCl, ir/2m 

. Molecular 

ratio, 1:2. 

Time. Urea decom-posed. 

Time. 

Urea decomposed 

I hour = 21*25 per cent. 

5 hours 

63*75 per cent 

2 hours = 3:P50 ,, 

T) „ 

=== 6S-90’ 

S = 44*50 , ,, 


7B-50 

4 „ 59*25 ,, 

s „ 

== 70*25 

(II.) Urea, -Y/5; HCI, N/5. 

(Equal inols.) 

(III.) Urea, 

N/2-5,; HCI, N/2' 

Time. Urea decomposed. 

Time. 

Urea decomposed . 

1 hour ■ = 22*0 per cent. ! 

1 hour 

= 25*0 per ee,Dt, 

2 lio.urs ' . — 34-5 

2 hom*s 

44-75 

3 „ ■' ■ ■^ 4'7*00 ■„ 

222, m,i,mites === , 50*0 „ i 

145 minutes 

50*0 ■ 


' A" /comparison ' of the results under (I) and (II) (urea == iT / 5 ) 
shows the effect of an increase in the concentration of liydrocliloric 

The neutralisation of free acid by ■ammonia' would naturally exert a 
disturbing effect on the "above equilibrium, ■which would be more ' marked 
at the higher ■concentration. 
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acid ill lowering ilie velocity of tlie change; the difference was 
most marked during tlie third hour, that is_, wlien tlie eoncentra- 
tion of hydrochloric acid, in tlie case ot (II), was very low as 
neutralisation was approached, since the- maximum aiiioiiiit of 
urea that could be decomjiosed in the jmeseiice of one iiioleciilar 
proportion of li 3 nlrocliloric acid is only half of the total present, on 
account of the simultaneous progress of the two phases of the 
reaction. The long period required to decompose urea when two 
molecular proportions of hydrochloric acid were present was due 
to the slow dissociation of urea as its concentration diminished, 
and the results show that the velocity of the change was deter- 
mined solely by the concentration of 'free ’ urea. The results 
under (III) furnish additional proof of this; thus it^ will be noticed 
that the maximum aTUouiit of urea (iY/2'5) was decomposed in 
145 minutes, as compared with 222 minutes, which were required to 
effect the same amount of change when the concentration of urea at 
the outset was at N /5 (II). 

Fawsitt found that it required 2G00 minutes to decompose all 
urea in a solution which contained at the outset urea {iV jS) and 
hydrochloric acid (iT/2), that is, four molecules of acid to one of 
urea. 

Deconvpos'ition of Urea m Aqueous Solutio7i the Presence' 
of Sodkini Eydroxule, 

Since the acidic property of urea is very feeble, when sodium 
hydroxide is added to its aqueous solution, an equilibrium repre- 
sented as follows : 

HN:C<^®« + NaOH ^ HN:C<q^| + H^O, 

would only obtain to a small extent when the concentration of 
both was very high. In solutions below normal, for example, it is 
certain, that nearly if , not all ■the urea would be in the free state. 
Therefore,' according' to the ■ dissociation ' theory, . the , velocity of 
decomposition of urea in the presence of sodium hydroxide ■ should 
be greater , than in the presence of hydrochloric acid at ' all con- 
centrations.' 

' This .has; , been' . found to; 'be the 'case,' '.which,, is contrary to the 
general result' arrived',' at' by Fa’ws'itt (loc. cit.). The , two: phases 

. 4* 'That is, within a comparatively short time,.,up 'to 'the 'point of neutralisa- 
ti.on of the acid." ■ 'Fawsitt found that 'in a solution of .urea alone' (iy/2)','' 'de-' 
corapositioD to the, extent .of '0.8'*9 'per cent. -required' 450 hours, at, '99--K)0®« 
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of tills reaction, wliieh wei*c easily distino-iiislierl experirneiit.ally, 
iiiay be represented as follows : 

Phase I. HN:C<V ^ + isTaOH- NHg + NaOCN + HA 

Phase IL (a) NaOGN Hh = NH3 + NallCOg. 

Ill the first phase, cyanic acid is temporarily fixed as alkali 
cyaiiate; hydrolysis of the latter quickly follows, and the two 
phases continue to proceed simultaneously with velocities wliicli 
vary as the conditions change during the progress of the reaction. 

During the earlier stages, sodium cyanate accumulates in con™ 
siclerable quantity in solution, since the velocity of its formation 
ill the first phase is ninch greater than the speed of its disappear- 
ance (by hydrolysis) in the second phase. As the' concentration 
of urea diminishes, the velocity of its dissociation is exceeded by 
that of the hydrolysis of the alkali cyanate, and lienee in the later 
stages the second phase becomes the predominant change. 

The different results obtained after heating urea in solution with 
sodium hydroxide, under such conditions that ammonia was 
removed as it was evolved, whilst the concentration was maintained 
as nearly constant as was possible, are given in the following 
tables. 

The proportion of change under phase I corresponds with the 
amount of alkali cyanate found in the cold solution at the end of 
an experiment, “whilst ' phase II represents the amount of alkali 
cyanate which had been hydrolysed during the progress of the 
reaction, calculated from the amount of ammonia evolved, after 
the necessary correction, on the basis of equation (a), phase II. 

Table II. 

Frea, A/5 ; sodium hydroxide, A/o. Molecular ratio, 1:1. 

Time. Phase I. Phase IL Urea decomposed. 

I'hoiii’ 17*7 per cent. 4*40 per cent. 22-10' per cent 

2 hours,... , 30-8 „ 9-0 ,, 39-80" 

B ' js 36-0 ,, ^ 18*25 ,, 54*25 ,, 


Table III. 

Urea, JV/2-5; sodimn hydroxide, N/2-5. Molecular ratio, 1:1. 

Phase I. Phase II. Urea decomposed. 

1 hour ... ... ... 21'25 per cent. 4-15 per cent. 25-40 per cent. 

2 flours 32-00 „ 10-00 „ 42-00 „ 

3 _„ ... ... ... 38-90 „ 18-80 „ 57-70 

4:0 . ... ... ... 3C-05 „ 48-72 „ 84-77 „ 
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Table IV. 


Urea, iY/S ; sodium hydroxide, V/2*5. Molecular ratio, 1:2. 


Time. 


1 hour ... ... 

2 hours ... 



Pliase I. 

... 19*05 j)er cent, 

... 27*50 

... S5-35 „ 

... 36*10 


Phase II. 
4*52 per cent. 
13*12 
19*82 
28*95 


Urea decomposed. 
23*57 per cent. 
40*62 

55*17 „ 

65*05 „ 


Table V. 


Urea, iV/5; sodium hydroxide, N . Molecular ratio, 1:5. 


Time. 

1 hour 

2 hours 


Phase I. 
20*0 per cent. 
28*9 
34*2 


Phase II. Urea decomposed. 
6*75 per cent. 26*75 per cent. 

16*55 „ 45*45 

27*65 „ 61*85 


When the above results are compared with those recorded under 
table I, it will be seen that the |>roportioii of urea decomposed 
was greater in the presence of sodium hydroxide than in the 
presence of hydrochloric acid at similar concentrations. 

Whilst the foregoing results are in perfect agreement with the 
dissociation theory of the mechanism of the change, they appear 
as a contraversion of the conclusions aiuived at by Fawsitt (/foe. 
r/U), who found that unless the concentrations of alkali was very 
high (and that of urea relatively so), the velocity of the change 
was greater in the presence of hydrochloric acid than in the presence 
of sodium hydroxide. 

All FawsitUs experiments were made in sealed tubes, and herein 
lies the cause of the discrepanc35^, which .supplies further evidence 
i,!i su|)port of the present theory. It is obvious that accumulation 
of aiiimoiiia in solution under pressure would seriously cheek the 
dissociation of urea, and so retard the. change to an extent wlii.cli 
would have no .parallel in the case of the decomposition in the 
presence of an acid, where, .both dissociation products -were removed; 
,aS' fast as they were generated. Thus, when urea and sodium , 
hydroxide, in. 'equal molecular pro|)ortions and at , concentration 
V/5, Avere heated for three 'hours at. 100° in' a sealed.,' tube, 'only' 
33" per cent, of urea was decomposed, as agai'.i„ist, ,54 '25 per .cent, 
(exp. 3, stable. II). when .the experiment .was |:>erf,ormed in an ,ope.n" 
.vessel, aH 'other conditions, being equal. ■ "It .should be ■ noticed' that, 
the,,' amount ' of urea'' decomposed ''in, the,' ,for,m,er case , is alsO' 'co'n-; 

' skier ably '.kss than 'that .decomposed "a',i the presence' .of' hydrochlori'c,' 
,'acicl'''',('il' /':,5); ' iii' a,ii ';,''op"eii ^V'essel' [table, I,.-'(II)'].' 
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Wiieii tlie reiative effects of acids and alkalis on tlie velocity of 
tlie decomposition of urea are considered, tkere caii be no doubt 
tliat ill Eawsitt's experiiiieiits, on account of tlie use of sealed 
tubes, a departure from comparable conditions was quickly broiiglit 
about. 

As a matter of fact, Fawsitt sliowed tliat tlie decomposition of 
urea' was retarded by the presence of ammoiiiiini hydroxide or 
ammoiiiimi chloride, whilst such salts as sodium chloride and 
potassium chloride, although they had hut little effect- in very 
dilute solutions, produced a marked increase in the speed of decom- 
position at normal concentration. Other ‘’catalysts,' including 
[)latiiiiiiii-blackj were found to be without effect, and in the obscure 
light of the isomeric traiisfonnation theory, no explanation could 
be offered. 

The effects in question are obviousl}^' in complete agreement with 
the dissociation theory, which they help to confirm. 


of Urea hi Aqaeous Solution in file Fre^euce 
of Barium 'Hydroxide., 


This reaction was originally proposed by Bunsen as a 'method 
fc»r the estimation of urea, based on the ' amount of barium 
carbonate foriiied. As is well known, severe conditions are 
required to complete the change, namely, veiqr prolonged heating, 
a high temperature (180—200°), and an excess of barium 
hydroxide. 

It is curious, in view of the above, that the progress of this 
decoiiipositioii has apparently not' been investigated'. 

The two phases of the reactio'ii arc represented thus: 

Phase I. + Ba(OH \ = Ba(OCX).2 + 2 N M3 + aM^O. 


Phase II. { 

I (^) 


Ba(OCN)5 + - BaCCh + + CO.^, and 

B'a(O'0N)3-f mlO = BaOOg + 


The follo'wi'iig results were obtained when urea and barium hydr- 
oxide ill equal molecular proportions were heated ■ at 100° in 
aqueous solution, and whilst ammonia was removed as it was 

evolved. 

^ Sec page 1)4 
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Table Y1. 

Urea, Y/8; barium hydroxide, N /S. 


Time. Phase I. Phase II. 

Per cent. Per cent. 

1 hoiiv ... 16-0 3*0 

2 hours ... 23-9 8*55 

3 ... ... 2S-7 15*15 

4 ,, 29*0 17*55 


Calculated on the. 
usual equation. 


Uz’oa BaGOg pi*e- NHg 
decomposed, cipitated. evolved. 

Per cent. Per cent. Per cent. 

19*0 6-0 11*0 

32*45 12*5 20*5 

43*85 18*5 29*5 

47*45 22*5 32-5 


The nuinbers in the two last colunuis are given to prove the 
fallacy imderlyiiig the usual interpretation of the change. Thus, 
after one hour, whilst the amount of barium carbonate formed 
indicated the decomposition of only 6 per cent, of the urea origin- 
ally present, the ammonia evolved was ec^al to the clecompositioii 
of 11 per cent. 3 in reality, the amount of urea which had been 
decomposed was equal to 19 per cent., that is, S/p^er cent, of the 
nitrogen of urea was present in solution as barium cyaiiate. 

In these experiments, phase II coinnienced (judged from the 
sudden appearance of opalescence) about seven minutes after 
phase I had been in progress. Since one molecular proportion of 
barium hydroxide can theoretically complete the decomposition of 
two molecular |)roportioiis of urea, the results of the two phases 
should be compared with those under table IV. AVheii the true 
iiiechanism of the change is brought to light, it can be readily 
understood why such severe conditions have been found necessary 
in order to estimate urea by means of this reaction. 


The Stahiliff/ of Urea in A(ineons Solution and in the rre^ence 
of Aeid^ and of Alkali in the Gold. 

After a solution of, urea has been, lieated for a' few minutes at 

lli)"- 400° and subsequently cooled, the- presence of the cyanat-e 

radicle can be readily proved on addition of silver nitrate. This 
well-known fact is not explained by the usual ionic tlieory. 
Fawsitt found that 450 hours were, required to decompose and 
hydrolyse 98'9 per cent, of , the ' urea originally present' i,n a .seini- 
iiormar solution , at 99®. 

If the dissociation products could persist at a constant tenipeiup 
tiire -an equilibrium, iTpresented' thus,' ■ 

NHg . 

■ ' ■ ■ + . X.' 

- ''nt.TT"' 
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would obtain 5 and tlie decomposition of urea and of ammoiiiiiiii 
cyanate would be completely arrested. Tbe velocity of tlie cliaiige 
is determined by tlie very sloiv hydrolysis of cyanic acid under 
highly unfavourable conditions, whilst dissociation of urea is 
checked in consequence. 

The progress of the change may be mentally compared to the 
working of a syphon in which the flow of liquid through the doivii- 
ward tube is seriously checked by a very iiarroiv outlet. 

Since urea is not dissociated in solution at the ordinary tempera- 
ture, an equilibrium betiveen it and ammonium cyanate can only 
arise on the application of heat. Judging from certain statements 
in the literature of the subject, the views on this point do not 
appear quite clear, since it is sometimes stated that the equilibrium 
is independent of the temperature. 

In order to settle the^question, a solution of pure urea {N j 2) in 
distilled water sterilised by saturation with toluene was tested 
from time to time with silver nitrate and with barium hydroxide 
respectively. After nine months, the solution was still ■ neutral, 
and a negative result w^as obtained with each reagent. 

A similar solution of urea in non-sterilised water gave a marked 
opalescence with the respective reagents after fourteen days. At 
the end of six months, the solution contained ammonium carbonate, 
]>'ut no animoiiiurn cy-anate, since,- after precipitation wdth barium 
liydr-oxide, the carefully neutralised filtrate gave no precipitate 
on the addition of silver nitrate. This latter result is of interest, 
since the decomposition of urea in this case was unquestionably 
brought about, through the agency of urease, by micro-organisms *'•' 
which had -developed in the solution. - 

A solution of urea (A/2) in pure'. sodium hydroxide (N 12) solu- 
tion, after remaining at the laboratory temperature for five 
i-nonths, showed no change; at the end of twelve months a trace 
of the cyanate radicle was detected-, 

A solution of urea in the presence of hydrochloric acid under 
similar- conditions remained unchanged. 

Urea therefore does not’ undergo an isomeric change until the 
te-inperat-ure of its dissociation ’is reached. . 


Note on the Becumposilion of Urea hy IJrmse. 

The ease with 'wliicli ’area.’ is decomposed by urease;, even ah 
15—20*/, is in st-riking contrast to its stability in the presence of 
acids or of alkalis at tlie same temperature-, or when he-ated alone 

-* The mycelioii'i of a speeiflc ’mould was observable in tho solution. 
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in solution. When the remarkable'*' 'selective' action of tlie 
enzyme is reiri ember ed (Armstrmig and Horton, Proe, Hoy. Soc., 
i9i2, 85, 109), this fact must be considered as aclditioiiEil evidence 
in favour of a molecular structure of urea ireeiibar to itself, as 
sliOWfi by the cyclic formula. 

It. seems probable that the zymolysis of urea is a true case of 
direct hydrolysis, independent of dissociation as a preliminary 
to the change. Urease was not found to have an accelerating 
effect on the hydrolysis of potassium cyaiiate, nor has it been 
foiiiid possible, so far, to detect the cyanate radicle during the 
decomposition of urea by the enzyme. The suggestion put for- 
ward by Armstrong and Horton {]oc. citP) that urease, the soliitioii 
of which they noted was acid to phenolphthalein, probably acts 
by coinbiiiiiig with urea in virtue of the basic character of the 
latter, is open to doubt. Urease is markedly amphoteric, a fact 
which, so far -as the author is aware, has not been generally 
recognised. The alkalinity of a solution of the enzyme towards 
methyl-orange was found to be greater than its acidity towards 
phenolplithaleiii . 


The Decoyniiosithon of Urea in the Presence of Alcohol, 

Burrows and Eawsitt Qoc. eit.) found that the addition of 
alcohol to a solution of urea (A/ 10) p hydrochloric acid (A/ 10) 
produced a marked decrease in the velocity of decomposition. This 
result, they state, not exactly what we anticipated,'' since 

'' alcohol increases the velocity of transformation of ammonium 
cyanate into urea, and the decomposition of urea is closely related 
to its formation," The latter remark, of course, is only true so 
far as' the change (dissociation) which gives rise to the first ]>hase 
of its cleconi 2 >osition is concerned. 

The addition of alcohol should undoubtedly produce an increase 
ill the velocity of the decomposition of urea if this is ■ solely 
dependent on its dissociation' and all other conditions are . tliC' 
same. A consideration of the conditions implied by the equilibrium 
scheme Just given will show why this result is not effected. Since 
alcohol promotes the dissociation' of ammonium cyanate, it. must' 
also inhibit to a 'corresp^onding degree any tendency to, its forma-' 
tioii at 'all temperatures above its ■ dissociation point, and ' hence 
its , presence brings about a limitation' on one side ' which counter-" 
balances its promotive effect on the other. The ulterior 'effe'Ct,' of 

'■■ * Tho behaviour of urease towards .seventeen, different amino-, and' imino*: 
compounds,,', presumably more ,or less "related 'to iirea in cons'titiitmiiv''ha,s 
been,' examined. , :',Iii;,no',case,,was there evidence ■of decompositioii.s' „,' 
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alcoliol will t'herefore depend on its power' of -facilitating or retard- 
ijig tl'ie renioval of one or other of the dissociation products, and' 
H'iiice a check on the rate of hydrolysis of cyanic acid will be tlie 
effect, as suggested ])y Burrows and Eawsitt from a soniewliat 
different point of view, the velocity of the decoinposition of urea 
will be ' retarded in consequence. The increased pressure produced 
by alcohol, particularly at high concentratiou, and at the higher 
temperature (98' 2*^), would also check dissociation of urea. 

In the conversion of ammonium cyaiiate into urea, the pro- 
motive effect of alcohol is in no way interfered with, since botli 
dissociation products are removed with great rapidity by the 
fonnatioii of urea at a temperature much below its dissociation 
point, and hence there is little or no opportunity for hydrolysis 
of cyanic acid. 

It is interesting to note the very much greater velocity of 
decomposition of urea at 98'2^ as compared with that at 71*25® 
and ah 61*05® found by Burrows and Fawsitt. The respective 
values are represented by the ratios 83*6, 2*77, and 0*715, The 
fact that urea only commences to dissociate in solution at a fair 
degree of rapidity above 90® explains the cause of this wide 
difference. ■■ 


Aferhanisni of thf- Formatioji of Urea dttruuf the H'^/droh/sis 
of MeialUc Cyanates, 

■ 0. and J. Masson (Zeitseh. physikal. Chem.j 1910, 70, 290) have 
sliown that tlie hydrolysis of potassium cyanate at 80® was com- 
pleted , in accordance with the equation: 

(d) 4E:0CN -f 6H.0 - 2 K.CO 3 4 - 

■whilst i'll the. case of barium cyanate 'the whole of the 'nitrogen 
appeared in tlie form of urea, as represented by equation (c) (p, 90). 

lonisatio'ii' of the cyanate being assumed as the first step, 0 . and 
■J. Masson liave accounted for the formation of urea thus : 

(A) 

(Ji) CON, H 4 . 

A, somewhat similar suggestion lias been offered by Norma iid and' 
Cnniriiiiig 1912, lOi, 1859) to explain' tlie formation of urea, 
wl'ien I'uire cyanic acid ivas hydrolysed in dilute solution, thus: 

(C) 2H*A2CNO^'-f2H.O=:CONoH4-hCOo. 

. T,t was suggested, , because the alkali cyanates show 'a neutral 
reaction, that, cyanic acid' must' be a strong acid,, andmvould,, there- 
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ff>re. I'le liiglily ionised in dilute solution. From, this suggestion tlie 
ontiior ventures to differ. Alkali nitrites, for example, have a 
lie'll ti’a'l reaelion, yet nitrons' acid is an extremely "vveak acid, 
K = 6 x 10'"h according to Ray and his coAvorkers (T,, 1917, 111, 
414). The properties of cv^aiiic acid are distinctly those of a feehle 
acid, and the ease with which its ammonium salt is dissociated, 
whereby urea is formed, is a fact which bears directly on the iiiiiiie- 
diate question. 

It must b8' admitted that an ionic theory, such as is represented 
by equation (B), originally proposed by Walker, or by (bt), fails to 
tlirow any light on the mechanism of the cliaiige, since no attempt 
lias ] 3 eeii made to show in what way urea is formed from the inter- 
action of the respective ions NH 4 * and CNOk With the decepti've 
'carbamide’ structure in view, it has evidently been considered 
useless to attempt to pursue the mysterious changes by which tlie 
ions effect such a result. Now an ionic theory is not in agreement 
with the facts; Walker found, contrary to expectation, that the 
velocity of the transformation of ammoninni cyanate into urea was 
greater in the presence of alcohol than in the presence of water, 
and since there must be fewer ions, present in the former condi- 
tion,, it has been assumed that the velocity of the interaction {B) 
must be greater in the presence of alcohol. It must be conceded 
that this is but a speculation, to meet a fact, rather than an ex- 
planation. Since alcohol will jrroinote dissociation of ammonium 
cyanate, whilst dimiiiisliing ionisation, the increased velocity of the 
transformation under such conditions appears as a normal plieno- 
ineiioii in perfect agreement with the author’s theory of the change 
(/oc. cit,). 

, Tlie formation of urea from metallic cyanates is explained iir a 
simple niaii'iier, on the basis of hydrolytic dissociation as the 'first 
step in the change, thus: 

KOim + H^O KOH + (fIOON = ', 

\ 

. X 

H0CN4-K„0 = NHg + CO^ = KHCO 3 

HN :00 + ]SrH 3 = HN:e<^*^», and f 

:TIie following' results illustrate 'how slowly potassium , cyanate, 
was' I'l.ydrolysed in .solution. ■at' the 'ordinary temperature, 

Pure potassiiini' cyanate. shows 'a slight alkalinity, to'waitds phenoIphtlial'e'i,ii' 
a-'fter' immediate dissohitio'ii in. water. , '''"'4 
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Table VfT. 

Poiaf^si-iitn (ff/annfe, N /2. IVleaii 'r* — ] 


Tirnf". 

KOON hydrolysed. 

Time. 

KOON hyclrolv 

7 days , ... 

... 11*4 per cent. 

42 days 

81*8 pc'r cent 

n „ 

22-4 ■ „ 

40 

87-8 5, 

21 „ 

... 43*2 

5(> ,, 

01*6, 

28 „ 

56-8 

03 ,, 

94.5 

35 ,, 

69-7 

70 „ 

98-7 


The amount of urea found in solution at tlie end of ten weeks 
was 0‘94 grain; from 8‘1 grams of potassium cyanate, equation (rl) 
would require T5 grams of urea. The conditions were less favour- 
able for the formation of urea than when hydrolysis was effected at 
at which temperature ammonium eyanate wouhl not 1)0 
formed. 

When potassium eyanate was hydrolysed at 100® under reflux, 
urea ivas formed to the extent of 18*44 per cent, of the theoretical, 
equation (d). No urea v?as found when potassium, eyanate (/T/h) 
was hydrolysed at 100® in presence of sodium hydroxide (iV/2’5) 
(Expts. I, II, and III). It may therefore be safely concluded that 
no urea would be regenerated during the progress of its decomposi- 
tion ill the presence of sodium hydroxide in an open vessel ; on tJie 
other hand, a condition favourable to its regeneration, tO' some 
extent, would be brought about in a sealed tube, more particularly 
in the later stages of the reaction. This fact must also he taken 
into account in considering the results obtained by Fawsitt 
(/oc. eit.) for the velocity of the decomposition of urea in the pres- 
ence of alkalis. 

Experimental. 

As regards the results given under table I, it is only necessary 
to point „ out' that the titrations of residual acidity after each 
: experiment were made with methyl-orange as indicator. , The , .urea' 
used (O' 6 -gram in each case) was twice recrystallised' from alcohol. 
All the experiments were made with the same flask and, reflux con- 
denser, and a cpiiet, continuous- ebullition, was- maintamed 'through,- 
'Cut. ' Each experiment was duplicated. ■ 

^','Tlie fcllowiug method "was, adopted, in obtaining the results' '"of 
the decomposition, of', urea in -the -presence, of sodium hydroxide. 

ExptS'. tables 0*6, Gram of 'urea, 10 c.e. of Wsodiiim-hyxir- 

' oxide, ' and 40'C.c. of water (concentration iY/5) were heated to the 
'boiling," pO'int hi a distillation ' flask (150 c.c.) of resistance glass, 
.'carrying 'a- s'top,pered delivery tube, through which- a , continuous ■ 
';'su|>ply' -of recently 'boiled,, distilled water ,was . maintained, so' that^ 
4',,the:,';v:olum6 of ,'Iiqt,xid' ,was, kept, ■ as ■ nearlj' as,', ''possible, constant 
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tiiroiigixoiit tlie process of distillation. The aniinonia evolved was 
absorbed in an excess of normal acid contained in a suitable receiver 
attached to a vertical condenser connected with the distillation, 
flask. At the end of an experiment the residual solution was 
rapidly cooled under the tap; the cyanate radicle was estimated 
(1) by precipitation with silver nitrate in the neutral solution, after 
the ^ carbonate ' had been removed by barium nitrate and barium 
hydroxide; the excess of silver nitrate was titrated by Volhaixi’s 
method ; ( 2 ) by addition of the solution to an excess of hydrochloric 
acid, which was afterwards titrated, using methyl-orange as indh 
cator. A lower result was almost invariably obtained by this 
method; this was due to slight loss of cyanic acid, the odour of 
which was very noticeable when the- liquid was added to excess of 
normal acid ; the solution was .allowed to remain, until the odour 
had disappeared, to ensure complete hydrolysis of cyanic acid before 
titration. _TIie following examples will suffice to show how the 
values for the two phases were calculated : 

0’6 gram CON 2 H 4 2 NH 3=20 c.c. A-HCl, 
NaOCN~100 c.c. iY/lO-AgNOg. 

Table III, One Hour, — Ammonia evolved = 2*95 c.c. A-HCl. 

Sodium cyanate present in residual solution = 21*25 c.c. A/IO- 
AgN 03 . Hence, phase 1 = 21*25 per cent.; if hydrolysed, ■ this 
would be obviously equivalent to ammonia = 2*125 c.c. A-HCL 
Hence, omitting the third decimal number, (2*95-1-2*12) x 5 =25*35 
per cent, of urea decomposed, and 25*35 “-21*25 =4*10 per cent, 
phase II. 

Table IV. Four Hours, — ^Ammonia evolved = 9*4 c.c. A'-HCL 

Sodium cyanate present = 36*1 c.c. iY/ 10 “AgNO 3 = 36*l per cent, 
phase I; hence, (9*4-f3*61)x5 = 65*05 per cent, of urea decom- 
posed; therefore, phase II, 65*05 — 36*1 = 28*95 per cent. 

A second experiment, in which the residual sodium cyanate was 
hydrolysed [method (2)], gave ammonia = 3*55 c.c. A-H Cl = 35*5 per 
cent, phase I; ammonia evolved = 9'45 c.c.'A-HCI. Hence, 65*0 per 
cent, of urea decomposed, and phase 11 = 29*5 per cent.' 

" Whilst no great accuracy is claimed for the values representing 
each phase, on account of the; difficulty 'experienced in maintaining 
the volume of solution constant, .the -order of the results, , so ''far 
as the amo-unt of urea decomposed was concerned,' can be certainly 
trusted within 2 or 3 per cent., and -since this was one' of - the, chief 
facts which it was sought to: .prove, no -further useful -information 
'was likely - to: be obtained ' by oxtending the time of heating- beyond: 
three or four' hours. , 

-' '.Th.e-., following', is an-'- 'e^xample.'' of 'an "experiment with' -barium- 
-.' hydroxide.’ '■ 
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Table VI. Four - Hoiwa. — Ammonia evolved ==6"5 c.c. A--HCL 
Barium carbonate precipitated, neutralised 4' 5 c.c. lY-liCL Hence 
(from 0"6 gram of urea) amount of urea decomposed = 32*5 per 
cent, from aininoiiia estimation and =22*5 per cent, from amount 
of barium carbonate precipitated, calculated on basis of usual 
equation. 

Barium eyanate in residual solution = 29 ’9 c.c. iV /lO-AgNO-. 
Hence phase 1 = 29*9 .per cent., and (6'5 + 2*99) x 5 =47-45 per 
cent, of urea decomposed, therefore phase 11=17-55 per cent. 

Estimation of Urea Formed During lli/drolysis of Fotassiwni 

Cyanate. 

Ex'pt. I. — ^2*025 Grams of potassium cyanate dissolved in 50 c.c. 
of water {Ej2) were boiled under reflux for three hours (crystals 
of aimiioniuia carbonate gradually formed on the sides of the reflux 
tube), at the end of which time only 1*3 per cent, of the salt 
reniaiiied unchanged. The residue, after the solution was 
evaporated to dryness at 100*^, was extracted with hot alcohol, and 
the residue from the latter solution, after removal of all ammonium 
salt, gave, when decomposed with an excess of alkaline solution of 
sodium hypobromite in the nitrometer, 28*45 c.c. at 24® and 
-764 mm. = 25*5 c.c. N 2 at N.T.P., equal to 0*06825 gram of urea = 
18*44 per cent., calculated on equation (h). The presence of urea 
was qualitatively proved by its behaviour towards urease, and pre- 
cipitation as urea nitrate. 

Expt. II. — 8*1 Grams of potassium cyanate dissolved in 200 c.c. 
of water (F 12) were allowed to remain for ten weeks at the labora- 
tory. temperature; 25 c.c. -of the solution, ; after' , removal of 
ammonium carbonate, gave 44*09 c.c.; at N.T.P., equal to 
62'99 per cent, of urea formed, on basis of equation (6). 

MsC'pt. III.' — 0*81 Gram of potassium, 20 c.c. of A-sodium hydr- 
oxide, and 30 c.c. of water were boiled for three hours in a dis- 
-tillation flask, whilst the concentration was maintained nearly 
.constant. ' 'The residual solution gave no nitrogen when tested as 
above 'wit-h alkaline sodium hypobromite. 

Summary. 

(1) ' The decomposition: of urea when heated in aqueous solution 

, in the presence, of acids or ,of a-lkalis is’ primarily dependent ' on,, 
its dissociation into ammonia and cyanic acid.', 

(2) The so-called 'hydrolysis of, urea,' under, such ',' conditions, is 
■no more than the hydrolysis of ..cyanic -acid or. of an. alkali,:- cyanate, 
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as tlie case may .be, and lienee is not a ebange wbicli gives any 
support to a ' carbamide' structure, as so commonly suggested. 

(3) Under comparable conditions, tbe velocity of tbe decom- 
position of urea is greater in tbe presence of sodiiim bydroxid© 
tbaii in tbe presence of bydrocbloric acid, because tbe proportion 
of free urea in solution is greater in tbe former case. 

(4) Whilst an ionic tbeory fails to tbrow any light either on the 
conversion of ammonium cyanate into urea or on tbe foriiiatioii 
of urea during tbe hydrolysis of cyanic acid or of metallic cyaiiates, 
it is not in agreement with the facts. 

(5) Tbe effect of alcohol in accelerating the transformation of 
ammonium cyanate into urea and in retarding the decomposition 
of urea in solution is easily explained by the dissociation tbeory, 
with which it is in perfect agreement. 

(6) A sterilised solution of urea does not suffer any ' hydrolysis ' 
or reversion to ammonium cyanate at the ordinary temperature. 
The latter phenomenon can only arise from the dissociation of urea 
as a preliminary to the change. 

University Chemical Laboratory, 

Trinity College, Dublin. {Eeceived, October 2nd, 1917.] 


XIV. — Di-n-btUylamline. 

By Joseph' Eeilly and' Wilfred John ’ Hiceinbottom. , . 

It has been shown (T., 1917, 111, 1016) that by heating '/i-butyl 
chloride and aniline under reflux, n-butylaniline is the chief pro- 
duct. This reaction has been further studied, and it has been 
found that prolonged heating under reflux or the addition of a 
catalyst such as iodine, favours the production of di-n-hutylaniline. 
Its formation was, however, more readily brought about by heating 
%-butyl chloride and aniline under' pre'ssure. By heating' aniline 
hydrochloride and n-butyl alcohol' -under pressure, . «»butylanilin6' 
was produced, but this reaction requires- a higher ' temperature and 
pressure,, than; ill the casoi: of ;?i-bu,tyl chloride' .and aniline in order,- 
to obtain the same .yield. , , - ' 

By repeated fractionation, di-7J-butylamline (I) was obtained 
pure,;' - It -wa's, 'converted, into -p-nUrosodi-n-htiti/laniU^^^^ which- 
'■g-av©' additive.' compounds'" with’ certain' ''metaiiiC' -chlorides. 

' , ,' ;Th-e: " ,iiitroso-com,p,oun,d was ' reduced -to.;- , f-j^henn/le-nedi-n-I) ntyh 
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diamine (III), wliich, on diazotisation and combination with 
;8-naphtliol, fnrnislied A-di-u-iutylmninoheiizeneazo-fi-naphthol. 



NH. 

(III.) 


Ng-C^H.-SOgH 

(IV.) 

Karrer {Bei\y 1915, 48, 1398), in an attempt to prepare 
l^plienylenedi-?i-biityldianime from di-w-bntylaniline, endeavoured 
to introduce a ;^--iiitroso-gTotip into tbe dialkylaniline, but was not 
successful; be states tbab a nitroso-groiip cannot be introduced 
into tbis compound, and that in this respect it differs from the 
dipropyh and lower dialkyl-anilines. We have found, however, 
that Karrer’s statement is incorrect. A nitroso-groiip can be 
readily introduced into di-^^-bl^tylaniline, and this ^^mitroso-deriv- 
ative has properties somewhat similar to the lower members of the 
series, but whilst the latter are solid at the ordinary temperature, 
fr-nitrosodi-?z-butylaniline is an oil. Its constitution was proved 
by its decomposition into di-7^-butyiamine and ^Miitrosophenol, 
almost quantitative yields of which being obtained under certain 
co^itidns. It was observed, that although 2 i-nitroso-?i-butyianiline 
was, very quickly decomposed by alkali, j?-nitrosodi-w~butylaniline 
tvas converted more slowly into the amine and nitroso-compouiid 
similar conditions. Karrer next attempted to prepare 
.2^pheIl;^ilenedi“-w-butyidiamine by another method, namely, to com-' 
bine diaz\otised sulphanilic’ acid with di-?^-butylanilino, and to 
. reduce th^. product. He obtained, however, monobutylam,moazo- 
berize3m,'S3d!phonic acid,, which, on reduction, gave ^phenylenemono- 
bufeyldiamine, and experiments with dmoamylaniline gave similar 
l^esults. .Again we obtained' different results from those of Karrer. 
^We . found,, that ' di-?^-buiylaniline combines in quite ' a ' normal 
/manner witb diazofcised sulplxanilic acid, yielding 4-<?i-n-5««yZamino- 
azohemene-4,^-mlpho’nw add (IV),, which, ' on , reduction, , ' gives 

Diazotised . sulphanilic',;,acid', , reacts' 
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also with moiio-?z-biitylanilixie, yielding 4.-n-htiUjlaminoazohenzene’- 
i^-sulpJhonic acid, and this compound, on reduction^ gave 
^plieiiyleiie-w-butyldiamine. The two azo-derivatives and the 
corresponding products of reduction have been compared. The 
socliiim salts of the azo-sulphonic acids differ in the ease with 
which they crystallise, the di-?z-butylamiiioazobeiizeiiesiilplionate 
being more difficult to obtain in the crystalline condition. The 
amine dihydrochlorides also differ in their solubilities in alcohol. 
The amines obtained by reducing the azo-compounds were proved 
to be identical respectively with the products of reduction of 
2 >iiitrosodi-i?i-butylaniline and of ^wiitrosomono-^i-butylaniline . 
The two amines are also distinguished by means of their colour 
reactions with nitrous acid and with ferric chloride. There is the 
possibility that Karrer was working with dmobiitylaiiiline, but 
from a few experiments carried out, indications were obtained that 
this compound yields a nitroso-derivative and also couples normally 
with diazotised sulphanilic acid. Another suggestion is that he 
was working with a mixture of mono- and di-alkylaniliiie. A 
mixture of azo-derivatives would thus he produced on treatment 
with diazotised sulphanilic acid, and on crystallisation of the 
sodium salts the mono-? 2 -butyl derivative would be obtained, which, 
on reduction, would give ;p-phenylenemono-n-butyldiamiiie. 

Experimental. 

By heating aniline and 7z-butyl chloride in molecular propor- 
tions for thirty-six hours on the water-bath under reflux, the main 
product of the reaction has been shown to be nionO“??-butylaniliiie. 
There was also a fraction boiling at 250 — 270®, which has now been 
exainined. For further investigation, more of this fraction was 
prepared by heating mono-7i-butylaniline with one molecxxlar pro- 
portion of w-butyl chloride under reflux for forty-eight hours. 
The excess of 7 z-butyl chloride was distilled off and the residue 
rendered alkaline with sodium hydroxide solution. The oil which 
separated' and the' ethereal extract of the whole solution, were 
mixed,, the resulting ethereal solution', was dried, evaporated, and 
the „residue fractionated. " Only - a small quantity of ' distillate,' was 
obtained boiling below 2'55®; the fraction boiling between^ 255®' 'and 
2'65® 'w'aS""collected, and further fractionated, , when at 260—263®,/.' 
767 mm., di-n-butylaniline distilled as an almost colourless, refrac- 
tive liquid, which in bulk had a pale yellow tint. 

"It .was .'found, by • heating, ■ -'aniline .and w-butyl' chloride,' in''^ an 
' autoclave' under' a pressure- "of ■ 5—7 ■ a'tmosp,heres,, Ihat,,- ■inter'action", 
takes, place very 'rapidly'; .'in .-an .'-hour .a;';, 00— 95, -.-per,'; cent.,; 
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iiioiio-'/i-biitylaniliiie can be obtained. In one experimeiitj aniline 
(40 grams) was heated with ?i-biityl chloride (50 grams) at 
130 — 140° ill an autoclave for forty-five minutes. The oil which 
was obtained after the action of sodium hydroxide and treatment 
ill the usual way had the following percentage composition: 
aniline (estimated as zinc salt), 5*5; mono-??.-butylaiiiliiie (b. p. 
232 — 250°), 90; di-n-biitylaiiiline (b. p. 250 — 260°), 3*5, with a 
small residue of higher boiling point. By the action of w-biityl 
chloride on iiioiio-??-hutylaniline under pressure at 180°, a good 
yield of di-n-butylaniline was obtained. When n.-hutyl alcohol 
and aniline hydrochloride were heated together under pressure, the 
temperature rising to 200°, mono- and di- 77 -butylaniliiie Avere pro- 
duced. The longer the period of heating, the greater was the 
quantity of the di-^? 7 ^-butyl derivative obtained. The product con- 
tained aniline as Avell as its mono- and di-sub stitu ted derivatives. 
The aniline was removed by heating the mixture with a slight 
excess of 20 per cent, zinc chloride solution. After well mixing 
the paste, the insoluble’ aniline zincichloride was collected, well 
pressed, and then washed several times with dry ether. The 
ethereal washings and filtrate were combined, separated from the 
aqueous layer, and dried, the ether being removed by distillation 
and the residual oil fractionated. An analysis was made of the. 
fraction referred to above (b. p. 260 — 263°/ 767 mm.): 

0*1121 gave 0*3380 CO^ and 0*1134 H.^O. C = 82*23; H All*24. 

0*1560 ,, 9*4 c.c. N 2 at 19*5° and 751*1 mm. lSr = 6*95.‘'‘' 

G 14 H 23 N requires 0 = 81*89; H = 11’29; N = 6*82 per cent. 

Bi-K-butylaiiiliiie is an almost colourless liquid, lighter than 
water, which darkens very sloAvly on keeping; it has a very faint 
but not unpleasant odour, is miscible in all proportions with alcohol 
or ether, and is soluble in acids, but practically insoluble in water. 
When potassium ferrocyanide solution is added to, a solution of 
di-7z~butylaniline in dilute hydrochloric acid, a white precipitate 
is obtained which' is insoluble in Abater or ether, and only very 
sparingly soluble in alcohol. On ti'eatment with fuming sulphuric 
acid, di-?z-butyianiline gives b> snlphoniQ acid, the harium salt of 
AA-hich is readil^r soluble in water, but practically insoluble in 
; absolute alcohol. 

* tJsiiig copper oxide in the combustion, tube, it was difficult to decompose 
this compound .completely, the nitrogen, content appeared to be^ high and 
repeated estimations gave varying results. An analysis of the gas ■ collected' 
in the nitrometer in one estimation, after dry,ing showed the presence of 
.■18 per cent, of saturated hydrocarbons,' and 82 per cent, of nitrogen.. When 
-lead chromate was substituted for copper oxide, t-hes© difficulties were over- 
come..- ■ 
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Witli concentrated nitric acid in the presence of concentrated 
sulphuric acid, the base yields a yellow, crystalline nf^ro-coniponnd 
which crystallises from aqueous alcohol in yellow needles; aqueous 
potassium hydroxide gives a deep red colour when added to its 
acetone solution. Di-n-hutyl aniline gives a green conipoiind when 
heated with beiizaldehyde and a small amount of zinc chloride. 

Di-ii-hutylam^^^^ hydrochloride was prepared by passing a 
stream of dry hydrogen chloride into a solution of the base in dry 
ether. On the addition of a further quantity of the base, an oil 
was precipitated which slowly solidified to clusters of colourless 
needles. The salt melts indefinitely at 90 — 105°, and solidifies on 
cooling to a transparent mass : 

OT095 gave 0*0875 AgCl. 01 = 19*8. 

requires 01 = 20*5 per cent. 

This compound is very readily soluble in alcohol or chloroform, 
sparingly so in benzene, and insoluble in ether. It is not 
deliquescent. 

The picrate, prepared in ethereal sohition, crystallises from ether 
in yellow, rectangular plates melting at 125°. The melting point 
was depressed to 94 — 95° by the addition of picric acid. 

0*1073 G-ram of the picrate was dissolved in alcohol, and the 
solution was made up to 100 c.c. Of this solution, 5 c.c. required 
12*0 c.c. of titanous chloride (1 c.c. =0*000235 gram CgHgO-j-N^) 
for reduction, using Knecht and Hibhert^s method. 

■ Found: CeHAi ^3 = 52*6. 

C 44 H 23 lSr,C< 3 Hg 07 N 3 requires C 6 H 307 N 3 = 52*7 per cent. 

It is readily soluble in acetone, alcohol, benzene, or chloroform, 
sparingly so in ether, and practically insoluble in water or light 
petroleum. 

p~Nitroso(Ii-n-l)iitylmiilm^ 

", Di-?'^.-butylaniline "was dissolved in an excess' of dilute hydro- 
chloric acid, the solution cooled with ice, and a solution of sodium 
nitrite slowly ".added as long as any action occurred. The deep 
reddish-brown solution was repeatedly extracted with ether to 
remove any phenyl-n-butylnitrosoamine which would have been, 
formed if any monobutyl derivative had been present, and then 
rendered alkaline with' ammonia.. A green turbidity was produced, 
and the' solution was extracted' with' ether. , ' After drying' The 
ethereal ■ solution and evaporating the .solvent, 
was' 'Obtained a^s a green oil; 

0*1465.' 'gaveT,5*3 c.c: Ng at .20°'"and ,'745*6 m.m..'- : "17 = 11*94. ': 

■ '.CiiHggQhrg .'.requires N =^"11*96 ..per" 'Cent. 'v ■ 
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A dilute etliereal solution of the crude 2 ?~nitroso-coiiipoui;id 
changes on keeping from green to a brownish-yellow colour. On 
passing hydrogen sulphide into an alcoholic ainnaoiiiacal solution 
of this compound, the solution becomes almost colourless. The 
reduction with zinc dust and hydrochloric acid is described later. 
The iiitroso-compoimd condenses with j8-naphthol in alcoholic solu- 
tion to give a purplish-blue solution, which yields a precipitate on 
the addition of zinc chloride solution. The solution dyes chrome- 
mordanted wool ill greenish-blue shades. 

p-Nitrosodi-n-biitylaniline condenses with gallic acid to yield a 
deep blue, insoluble powder. 9*7 Grams of the hydrochloride were 
dissolved in 75 c.c. of absolute alcohol and 3*5 grams of gallic acid 
added. After heating on a water-bath for two to three hours, the 
alcohol was distilled off, and the residue evaporated to dryness. 
On extracting the residue with hot water, a dark blue, insoluble 
powder was left, the alcoholic solution of which dyed wool a blue 
colour. Analysis gave N = 5‘0, whereas the dibutyl homologue of 
gallocyaniiie requires N = 7*l per cent. 

’^■‘Nitrosodi-niutylaniline Ilydrochlonde . 

A solution of di-n-butylaniiine (20 grams) in a mixture of 30 c.c, 
of concentrated hydrochloric acid and 40 c.c. of water was cooled 
ill a freezing mixture, and a concentrated solution of sodium nitrite 
added, the temperature not being allowed to rise above 5*0*^. The 
mixture initially became pale red, then a darker red, and 
after passing through a succession of red shades finally almost 
black. 'When a slight excess of nitrous acid was present, the' mix- 
ture was allowed to remain for two to three hours until , it had 
attained the temperature of the room, when a mass of dark, shining 
crystals was deposited. The crystals were collected and puri'fied by 
solution ill a small amount of alcohol and precipitation with ether, 
the hj/drochlorule being obtained in- small, greenish-yellow crystals.- 
0*2657 Grain of the hydrochloride was dissolved in water, the 
solution rendered slightly acid with hydrochloric acid and made up 
to 100 c.c. It was freed from -air by passing in a stream of carbon 
-dioxide. Ten c.c. were ■ reduced by means of standard titanoiis 
■chloride, using Kiiecht' and Hibhert’s method, 

■0*02657 Gram, ■in 10' c.c. uf above solution, required 19*6 c.c. of 
' TiGlg (1 'c.-c. = 0*000147 gram NO) ; NO = 10*8 : 

'0-3340, gave 0T773 AgCL'. 01=13*13. ■' 

'C|4H‘220N2^,HC1 requires NO = 11*1 ; 01 = 13*10, per cent.' 

'The hydrochloride is. very readily soluble in alcohol or water and 
insoluble in ether. 'An aqueous solution gives a red.,coloratio^ii with 
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ferric cliloride solution, and the further addition of an excess of 
hydrochloric acid produces a precipitate which becomes tarry after 
a short time. 

^-Nitrosodi-n-hutylaniline ferrocyanide was obtained as a pale 
yellow powder by the addition of a solution of potassium ferro- 
cyanide to a solution of the nitroso -compound in dilute hydrochloric 
acid. It was washed well with water, absolute alcohol, and finally 
with ether : 

0-1987 gave 0-0346 Fe^Og. Ee-12*18. 

Ci4H220N2,H4Fe(CN)g requires Fe = 12*40 per cent. 

The compound is insoluble in water, alcohol, or ether. 

The platinicMoride is a yellow powder which, on heating, darkens 
about 180 — 190°, shrinks at 213 — 215°, and decomposes at a slightly 
higher temperature : 

0-1232 gave 0*0267 Pt. Pt = 21-67. 

(Cj4H220N2)2,H2PtCl6 requires Pt= 22*21 per cent. 

It is insoluble in ether, sparingly soluble in water, alcohol, or 
acetone. 

The addition of alcoholic solutions of certain other metallic salts 
to an alcoholic solution of the nitroso-compound produced deep 
reddish-brown solutions. Many of these, on keeping over calcium 
chloride in a vacuum desiccator, deposited crystals which were 
either dark blue or green with a pronounced metallic lustre. They 
were only slowly hydrolysed by cold water, but more quickly by hot 
water. Acids rapidly caused hydrolysis. 

The ziiiciclhloride forms steel-blue crystals, which dry to a red 
powder, melting and decomposing at 153°: 

0-1263 gave 0*0623 AgCL a = 12-2. 

0-0571 „ 0-0156 ZnS 04 . Zn = ll-L 

(Ci4H220N2)2,ZnCl2 requires 01 = 11-7* Zn = 10*8 per cent. 

It is readily soluble in acetone or tetrachloroethane, moderately 
SO' in ethyl iodide, pyridine, or chloroform, very sparingly so- in 
ether or benzene, and insoluble in water, cai*bon tetrachloride,, or 
chloroform. 

The cadmkhloride forms stellate clusters of blue, flat prisms with 
a 'inetaliic lustre, which dry to a red powder. It does not melt at 
260°, although at a considerably, lower temperature it softens and 
darkens somewhat in colour: 

V'0'1039 gave 0-0723, A,gGL 01 = 17-2. .. . . 

' 0-0580 0*0288' CdS04. ■Cd = 26*8. , \ 

■Ci4B[220N2>CdOi2 requires' 01 = 17*0'; Cd = 26*9 per cent. ' 

"■ It; is, moderately 'f soluble, ''.in. 'tetrachloroethane, sparingly ,,'30" ' in 
absolute alcohol' or ■ a,cetone,',nnd ’ .almost' insoluble in ' benzene,. ',ether,' 
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iiglit petroleum, oi' ethyl iodide. , It dissolves in pyridine, but 
there was apparently some change in the compound, for the pyridine 
solution, on cooling, deposited a yellow solid. 

The rriercimchloride was obtained as a dark green, viscid solid by 
evaporating an alcoholic solution of mercuric chloride and 
p-iiitrosodi-y/.-biitylaiiiline. Benzene was added to precipitate the 
salt and to dissolve any excess of nitroso-compound. 

After being washed several times with dry benzene, the com- 
pound was dried in a vacuum desiccator, when it was obtained as an 
almost Mack, brittle mass: 

01373 gave 0-0827 AgCl. Cl = 14'9. 

Ci4Ho20N2,HgCl2 requires 01^14*0 per cent. 

It is soluble in tetrachloroethane, acetone, nitrobenzene, chloro- 
form, pyridine, or absolute alcohol, but practically insoluble in 
water, ether, benzene, or carbon tetrachloride. 

The euprichloride crystallises from an alcoholic solution of its 
components in fine, dark green needles having a decided metallic 
lustre, softening at 119 — 120°, and melting and decomposing at 
123 — 125°. On sudden heating, it decomposes with a feeble explo- 
sion : 

0-0914 gave 0-0446 AgCl. 01-12*1. 

0-0686 „ 0-0091 CuO, Cu=10-6. 

(Cj4Tl220No)2,CuCl2 requires 01 — 11*8; On — 10-5 per cent. 

The compound is very readily soluble in tetrachloroethane, and 
moderately so in chloroform, iiiti'obenzene, absolute alcohol, or 
ethyl iodide, giving reddish-brown solutions. In pyridine it dis- 
solves to give a green solution. It is almost insoluble in ether, 
benzene, carbon tetrachloride, or light petroleum. 

On. mixing alcoholic solutions of ferric chloride and ;^Miitrosodi- 
7i~butylaniline either a pale brown powder or an almost black, 
aiiiorplious coinpouiid was obtained, according to the conditions. 
The iron derivative apparently had a varying composition. The 
black precipitate gave Fe — 14*7, ■ wliilst' Ci4H.220N2,FeCi3 requires' 
Fe — 14*1 per cent., '.It is insoluble in ether,, alcohol, or benzene, 
and soluble in tetrachloroethane or acetone. The brown' precipitate 
contaiiie.d Cl = 19' 7, 

' The manganous chloride compound was obtained as a very hard, 
brittle mass by the evaporation in a vacuum of an alcoholic solution 
of .its .components. Stannic chloride, nickel nitrate, cobalt nitrate, 
or nupric nitrate also gave- deep brown -coloured solutions when 
. treated iindei: 'similar ' conditions, whilst mercuric nitrate gave a 
precipitate. 
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Decom-iJosition of ^-Nitrosodi-n-htitylaniline with Alkali. 

l^-Nitrosodi-'/z-butylaiiiline (9*4 grams) was heated under reflux 
for four hours with a solution of sodium hydroxide (25 grains) in 
600 c.c. of water. The alkaline mixture was then distilled in a 
current of steam, the distillate being collected in an excess of 
dilute hydrochloric acid. As soon as the distillate showed absence 
of alkalinity, the operation was stopped, and the residue in the 
flask quickly cooled and filtered from tarry matter. It was neutral- 
ised by means of sulphuric acid, and extracted with ether several 
times. On evaporating the ethereal layer, a pale brown solid 
remained, which was purified by dissolving it in ammonia, passing 
carbon dioxide through the solution, and extracting with ether. 
By this means a very faint buff-coloured solid was obtained, (m. p. 
126 — 127°), which had the properties of ;^>nitrosophenol, and was 
characterised by means of its green potassium salt. (Found, K = 
24’70, Calc,, K = 24‘26 per cent.) The hydrochloric acid soliitioii 
in which the distillate had been collected was evaporated to dryness, 
leaving an almost white solid, wdiicii crystallised froiii absolute 
alcohol in white plates. It had the properties of a hydrochloride 
of a secondary amine and was identified as di-w-biitylamine hydro- 
chloride. (Found, 01 = 21*43, Calc., 01 = 21*40 per cent.) It was 
found that the decomposition of ^nitroso-w^-bntylaniline was fairly 
rapid, whilst in the case of the di-r^-butyl compound the action was 
much slower. By using an excess of a 10 per cent, solution of 
sodium hydroxide and heating ^-nitrosodh/ 2 .-butylaniline hydro- 
chloride for three hours under reflux before distilling in steam, an 
almost theoretical yield of the dialkylamine was obtained in the 
form of its hydrochloride. 

We have coinpared this method of obtaining di-?i“butylamine 
with several of the niethods employed for the production of the 
higher aikylamines, as, for example, Chancel’s method {Bull. Soc. 
eJmn.^ 1892, [iii], 7, 405) by heating the alkyl chloride with am- 
monia, 'or Berg’s' method ' (.4 Ghirn, Fhys., 1894, [vii], 3, ,'392');' 
by heating at 120° a mixture of the alkyl chloride, ammonia, and 
alcohol. By these methods it is difficult to obtain a compound free 
from contamination with the monoalkyiamine. By the decomposi- 
tion of j?-nitrosodi-7?.'-butylaniline this difficulty does not arise, and 
the dialkylamine hydrochloride can be readily obtained in a pure 
condition. ■ ■' 

' ' p-Fhenylenedi-nrbutyldiamme DihydrocMoride. 

: This derivative .was prepared : by adding, an excess'; 'of , zinc .dust : ^ 
gradually . solution nf' j>“mtro6odi-»-butylanilme,.in, 
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chloric acicL When the zinc had been added the mixture was 
heated for half an hour on the water-bath, by which time the 
soliitioii had become almost colourless. The excess of zinc dust 
was collected and washed well with a small amount of warm dilute 
hydrochloric acid. The filtrate was treated with sodium hydroxide 
solution until all the precipitated zinc hydroxide had redissolved, 
and the separated oil was then extracted with etlier. To the 
washed and dried ethereal solution, a solution of liydrogen chloride 
in fi-biityl alcohol was added, when the diliydrochloride was pre- 
cipitated as a white powder. It was collected, dried at 100°, and 
purified by dissolving in absolute alcohol and then adding ether, 
when the hydrochloride was obtained in flocculent masses of white, 
liair-Iike crystals. It separated from hot absolute alcoliol in 
white needles: 

0T207 gave 10*25 c.c. Ng at 18*3° and 737*8 mm. N = 9*69. 

0*2284 „ 0*2236 AgCl 01 = 24-22. 

Ci4H24F2,2HCi requires N = 9*56; 01 = 24*19 per cent. 

^-Pkenylenedi-n-hutyldiamine dihydrochlond& is soluble in 
water or absolute alcohol, but insoluble in etlier. Ferric chloride 
solution, when added to a neutral solution of the hydrochloride, 
produces a red coloration, which becomes darker and, after passing 
through a succession of colours, the solution is finally coloured 
green. The addition of a small quantity of ferric chloride solution 
to a solution of p-phenylenedi“?i-butyidiamiiie dihydrochloride con- 
taining hydrogen peroxide produces initially a red colour, whicb 
changes to brown and finally becomes colourless. Bleacliing 
powder, dilute bromine water, or neutral potassium dichromate 
also give a red coloration, which becomes darker, changing to 
purple. An excess of potassium ferrocyanide produces a red colour 
which is changed to green by alkalis, and pale green or blue by 
acids. On warming with potassium diclmomate and dilute sul- 
phuric acid or with an excess of ferric chloride, a pungent odour 
similar to that of ;^>benzoquinone is obtained. A bluish-green 
tliiazine dye was prepared from an aqueous solution' of the dihydro- 
chloride by the action of potassium chromate in the presence of 
di-w.-butylaiiiline and 'Sodium thiosulphate. A green dye was also 
produced, by oxidising ' molecular proportions of di-T^-butylaniline 
' and ,p-plienylene<ii-7^-butyIdiamine hydrochloride. The free hme 
is' a liquid at the ordinary temperature, 

A-Bi-n-hutylamindbenzenemo-^ria'phthol, 

' On ' ' diazotising p-phenylenedi-? 2 r.butyldiamine hydrochloride ' , (1 
mol, ), with' sodium' 'nitrite in aqueous solution,,, the ''solution was 
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coloured brown and finally cbanged to green. The diazotised solu- 
tion was freed from nitrons acid by means of carbamide and poured 
into an alkaline solution of jS-napbtliol (1 mol.).. 4:-Di-ii-h‘utyl- 
aminohenze7ieMZQ~^-7ia2^hthol was precipitated as a very dark red, 
insoluble powder. It crystallised from aqueous alcobol as an almost 
black powder having a slight metallic lustre : 

0‘0960 gave 9*6 c.c. Ng at 20° and 743*5 mm. N = 11*40. 

requires ISr=:ll’20 per cent. 

Concentrated sulphuric acid dissolves this azo-compound, giving 
a very deep red solution. It is soluhle in most organic solvents, but 
insoluble in water or alkalis. With aqueous platinic chloride the 
solution of the diazcnium chloride gives a pale yellow precipitate 
which quickly oxidises. The acetylacetone azo-compound was ob- 
tained as an orange-yellow precipitate on adding an aqueous solu- 
tion of the diazonium chloride to an alcoholic solution of acetyl- 
acetone in the presence of sodium acetate. jS-lSTaplithylamine also 
combined with the diazonium chloride, giving a dark red azo-com- 
poimd. With 2-naphthol-6 : 8-disulphonic acid (' G- ' acid) and 
8-amino-l-naplithol-3 : 6-disulphonic acid H ^ acid) it gave dark 
red dyes. 

ComMnation of Bi-ii-hiitylaniline with Diazotised SulphaniUc 

Acid, 

Ten grams of sulphaiiilic acid were diazotised in the usual way, 
the solution was freed from any traces of nitrous acid by the addi- 
tion of carbamide, and gradually added with continuous stirring to 
a solution of 10 grams of di-n-butylaniline in 30 grams of glacial 
acetic acid, following Karrer’s procedure. The acetic acid solu- 
tion became blood-red' and a dark, oily substance separated. When 
all the diazo-solution had been added, the red solution was left for 
two hours in a shaker, at the end of which time the solution was 
removed and the bottle washed out with 100 c.c, of water. On 
rendering; strongly alkaline, the sodium salt' separated and 'was 
collected. For analysis a portion of the ■■ sodium salt was repeatedly 
extracted with' hot' absolute, alcohol and then crystallised from 
, aqueous, ..alcO'iiol (80 per cent.): 

■ 0*1399 gave 0'*0239 'ISragSO^. Na=5'5:3 . 

CgQHggOgNgSlSra requires Na = 5*59 per cent. " ' '' 

/Sodium ' 4:'di-n-hutplaminmzohenzeneA{‘-snlphonate ' .is ' readily 
soluble in water, only sparingly, so .in ,'CoH' aqueous alcohol (SO.,. per', 
'Cent.),' but more readily " so in ; the .hot. solvent, ' ; 

: The' potmsmm salt ' was also.' "’prepared; by . .addmg ■■an :exoem\oi 
potas'si'imi hydroxide, 'to' '•the' 'red solutio'h, "(potassium uiitrite having; 
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been used in the diazotisation), and purifying in tlie manner 
described above: 

0-1039 gave 0'2154 COo and 0*0576 H.O. G-56-54; II ...6*16. 

0-1857 required 6*34 c.c. F/5-H2SO4 to neutralise NH.3 (Kjel- 
daW). N-9-56. 

0*1018 gave 0*0204 K0SO4. E: = 9*0. 

0*2571 ,, 0*1430 b\S04. S*=7*64. 

CgoH.p^O^lSrySK requires 0=56*16; 11 = 6* 13; N = 9*S3; S = 7*50; 

K = 9’16 per cent. 

It crystallised from aqueous alcohol in small, orange-coloured 
plates, and was more easily obtained crystalline than the corre- 
sponding sodium salt, which it resembled in properties. The free 
azo-suiplionic acid was obtained by passing dry hydrogen chloride 
over the dry sodium salt. The mass became very dark red, and 
when the sodium salt had been completely decomposed the product 
was extracted several times with small amounts of absolute alcohol. 
On adding water and allowing to remain for some time, the acid 
crystallised in small, blue, shimmering cubic crystals, which did not 
melt at 200°. It was insoluble in benzene or ether, sparingly 
soluble in ivater, and readily so in acetone, glacial acetic acid, or 
absolute alcohol. 

E eduction of 4^-Bi-n-hutyIa7ninoazohenzeneA^~sul phonic Acid," 

The sodium salt of the azo-compound was dissolved in water, the 
solution acidified with hydrochloric acid, and reduced by graduariy 
adding an excess of zinc dust. The solution became hot and soon 
decolorised. After heating on a steam-hath, the excess of zinc dust 
was filtered off and the filtrate evaporated to- about half its bulk. 
After adding a concentrated solution of sodium hydroxide until all 
the precipitated zinc hydroxide had dissolved, the whole was ex- 
tracted with ether, the ethereal solution dried, and a solution of 
dry hydrogen chloride in butyl alcohol added, when a white precipi- 
tate was formed, which proved to be identical with p-phenylenedi- 
w~biityldiamine dihydrochloride. (Found, Cl = 24*4. Calc., Cl = 24. * 2 
per cent.) 

Sodium 4:-M o7io-nd)utylaminoazoh &mene-4i -siilphonate. 

To a solution of mono-n-butylaniline ,(4 grams) in glacial acetic 
acid (15' 'grAms) a diazotised solution of sulphanilic acid (5 grams) 
;was slowly added with continual stirring, following the procedure' 
"described' previously. ' The liquid became deep brownish-red,' but 
after shaking for four hours the colour had changed to a very deep 
red. The'; red solution was poured', off, and some separated solid 
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matter extracted witli dilute sodium hydroxide, the extract being 
added tO' the main bulk of the liquid. On rendering slightly alka- 
line by the addition of concentrated sodium hydroxide solution and 
keeping the mixture cooled in ice, a pale orange-yellow precipitate 
was obtained, which, after half an hour, was collected and dried. 
For analysis a portion was extracted with absolute alcohol several 
times, and finally crystallised twice from aqueous alcohol; 

0-1063 gave 0"2106 COg and 0*0505 0 = 54 - 03 ; H = 5 - 28 . 

0*1758 ,, 18*1 c.c. N 2 20*7° and 757 mm. N = 11*92. 

0-1489 „ 0-0293 NaoSO^. Na = 6'37. 

CioHisO^lSr^SNa requires 0 = 54*06; H = 5*ll; N = ll*83; 

Na = 6*47 per cent. 

The sodium derivative crystallised in small, fiocciilent masses, 
soluble in water, hut sparingly so in absolute alcohol. This com- 
pound was more easily obtained crystalline than the sodium salt of 
dibutylaminoazobenzeiiesulphonic acid. 

Sodium 4c-7nono-nd)iitylaminoazohenzeneA^-std2')ho7iafe was re- 
duced by means of zinc dust and hydrochloric acid. After fdter- 
iiig off the excess of zinc dust and rendering strongly alkaline with 
sodium liydroxide solution, the solution was extracted with ether. 
The addition of alcoholic hydrogen chloride to the etlierear extract 
gave a wdiite precipitate which crystallised from alcohol in white, 
shining plates, and was identified as j7-pheiiylenemono-?i-hutyIcli- 
amine dihydrocliloride. (Found, 01 = 29*98. Calc., 01 = 29*90 per 
cent.) On rendering alkaline, p-phenylenemono-/?.-biityldiamine 
was obtained on extraction with ether in white, glistening plates 
melting at 31° (T., 1917, 111, 1033). After crystallisation from 
light petroleum, a mixture with a specimen of the base obtained by 
the reduction of 2 >'nitroso-??.-butylaniline melted at the same tem- 
perature. 

[Beoeiv&df Becemher 


XV —Studies of Drying Oils. Part I. The Properties 
of some Cerium Salts obtained from Drying 
Oils. 

By Robert Selby Morbell. 

Geeous salts of a number of organic acids bave been described by 
Eimbach and Kilian (Annalenf 1909, 368, 110), Morgan and 
Cahen (T., 1907 , 91, 477 ), Biltz (JZeitsch. morg. 1906 ^ 45, 
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89; Aniialen, 1904, 331, 334), and Levy Ciiemistrj of tlie Rare 
Eartbs,” 134). 

Tlie aiitoxidation of the ceroiis compounds lias been investigated 
by Baiir {Zeitsch. anorg. Ghein,^ 1897, 13, 251; Ber,^ 1903, 36, 
2658), Job (Ann, GMm. Fhys., 1900, [vii], 20, 205), and Eiigler 
(Ber,^ 1902, 35, 2642), and the catalytic activity of the ceric and 
ceroiis salts has been discussed by Barbieri (Atti B. Aecad. Ltncei^ 
1907, [v], 15, i, 395, 399). 

Ill view of the large proportion of cerite earths in monazite sand 
it seemed advisable to investigate the properties of ceroiis and ceric 
salts of aliphatic acids of the and C^g series, with special refer- 
ence to their solubility in solvents and to the catalytic activity of 
the contained metal. 

The, general methods of preparation of ceroiis salts of organic 
acids are : 

(1) By the action of acid on freshly precipitated ceroiis 
carbonate. 

(2) By the interaction of a soluble cerous salt and the potassium 
salt of the corresponding acid. 

The first method leads to the formation of acid salts of the type 
X3Ce,X, the second to the production of salts of the normal type, 
CeX3 (Riiiibach and Xilian, loc. cit,) [X = acidic radicle]. 

In this paper the cerous salts of the following acids have been 
prepared and their properties investigated: palmitic, stearic, oleic, 
elaidic, linoleic, a- and jS-elseostearic, linolenic, and ahietic acids. 

The ' method of preparation of the normal salts has been em,- 
ployed, and it must be pointed out that special precautions must 
be taken to ensure satisfactory neutralisation, otherwise the pre- 
cipitated salts may be contaminated with excess of either acid or 
cerium. 

All the salts are colourless and insoluble in water. 

Cerous stearate, elaidate, jS-eteostearate, and palmitate are 
insoluble in ether. When freshly prepared, cerous oleate, linoleate, 
linolenate, a-elseostearate, and ahietate". are readily soluble in ether 
or turpentine. Cerous palmitate and. stearate, like the correspond- 
ing lead salts, are insoluble in turpentine. 

No suitable solvents could be found from which the salts could 
be satisfactorily crystallised. In the case of acids forming cerous 
salts insoluble in ether, the granular precipitate was analysed 
' directly,' but .where the salt was soluble the ethereal solution was 
concentrated and the solid salt -obtained thereby was analysed. In 
all cases the salts were of the nO'rmai type CeXg. 

■ The ethereal solutions of the cerous saltS' of the iinsaturated acids 
darken - on keeping or on exposure to air' and, in the case' of 'the 
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iiiioleiiate; a biiii-coloiired precipitate having a peroxide reaction 
separates, corresponding with CeO(XOo)2, basic ceric oxyliiioleiiate, 
and the brown ethereal solution would appear to contain a mixture 
of CeXg and €0X4 or €0X3 + 502= 2Ce0(X02)2+ 206X4/'^* 

Cerous oleate in ether gives, on exposure, a. slight turbidity, and 
tliG solution changes only slightly towards the dark brown colour 
of ethereal cerous and ceric linolenates, 

111 an investigation of the changes which occur when drying oils 
are polymerised by heat (Morrell, J. Soc. Cliem. Ind., 1915 , 34 , 
105), it was pointed out that there was evidence of the shifting cf 
intramolecular linkings prior to polymerisation. 

The marked differences with regard to the insolubility in ether 
between cerous oleate and elaidate and cerous a- and i3-el^ostearates 
suggested that differences might be observed in the cerous salts 
obtained from the various thickened oils, which would give further 
support to the idea of change of linking. 

From olive oil were obtained cerous salts of the normal type 
CeXg, soluble in ether and passing only slowly into an insoluble, 
CeOX2, type. When the olive oil is heated out of contact with the 
air (Morrell, loc. cit.)j part of it (barium salt insoluble in ether or a 
mixture of benzene and alcohol) is of the normal type, but the 
barium salt soluble in a mixture of benzene and alcohol gives a 
soluble salt of the €6X4 type and an insoluble basic ceric salt, 
CeOX2. The olive oil underwent no polymerisation during the 
heating. 

From poppy-seed oil, heated under the same conditions and con- 
taining no polymerised compound, similar cerium salts of the types 
€0X4 and CeOX2 were obtained. The original poppy-seed oil gave 
a salt of the normal CeXs type. 

From thickened linseed oil after the removal of the polymerised 
substance by means of acetone the yield of basic ceric salt, CeOX2, 
increased to nearly 50 ' per cent. , A blank experiment ' with un- 
treated linseed oil gave the normal €6X3 and only 12*4 per cent, 
of a ceric salt of the Ce0(X02)2 or Ce0(X04)2 type. 

The x'esults of these experiments domot indicate conclusively that 
changes in linking have occurred, although full precautions were 
Vtaken' to' avoid oxidation during the heating of the oils and in the 
preparation of the cerium salts. The probability of oxidation is 
too- great. tO' be ignored; 'nevertheless, in ■ olive ' oil the presence of 
" ,;two glyceride modifications is indicated';; one yielding, , after' heat- 
ing,, the normal type^ of cerium' salt,, whilst the ' second, gives-: an 
oxidis'od ■ t jpe of cerium s'alt showing the existence in, the , oil ■ of 

- ♦ On free 'e,xposur© to ,'air, an imoiiible 'Salt of the; 'type '',C©0[XQda. v was- 

.''■'obtained'.' 
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iiiodilicatioiis with different p'ro'perties. Applying this view to 
poppy-seed and linseed oil and with due consideration to cliaiices of 
oxidation and formation of mixed cerium salts, there remaij! 
grounds for belief that during the thickening of poppy-seed and 
linseed oil changes of linking occur with the formation of modifica- 
tions wliicli on continued heating out of contact with air are poly- 
merisable. 

The proj^erties of the cerium salts from thickened linseed oil 
(soluble in acetone), on the whole, resemble those from thickened 
poppy-seed oil, which is to be expected as the linoleiiic glyceride lias 
been removed from the linseed oil by acetone after the thickening. 

It seemed arlvisable to investigate the cause of the change in 
solubility without change in colour observed in certain cerium salts 
(for example, ceroiis a-el^eostearate) after treatment with ether. 
Since the possibility of oxidation could not be decided by a cerium 
estimation, cerium a-elseostearate was transformed into the corre- 
sponding acid, which was examined for evidences of oxidation. 

The experimental difficulties lie in tlie fact that China wood oil, 
ill addition to small quantities of oleic acid and jS-elasostearic acid, 
often contains oxidised acids, as shown by the liberation of iodine 
from potassium iodide : in marked contrast to linseed oil, which 
liberates comparatively a smaller amount of iodine. 

It was found that the freshly prepared salt, readily soluble in 
ether, gave an acid with the melting point and high iodine value 
of a-slaeostearic acid, but the salt, formerly soluble, and afterwards 
insoluble in ether, yielded a mixture of a crystalline acid nieiting 
at 45 — 4 : 6 ^ and having an iodine value of 177'8, and a syrupy acid 
v/itii a lower iodine value and varying iodine-liberation value. 

Lead a-elseostearate was found to give 25 per cent, of a salt 
soluble ill ether, containing an oxidised acid, and the insoliibie part 
furnished a good yield of an acid ■ melting at 44°, • 

The conclusion drawn from the experiments is that partial oxida- 
tions have occurred in spite of all precautions taken, although the 
cerium a-salt in ethereal ■ solution gave no precipitate when air or 
oxygen was passed through it. 

The occurrence of mixed unoxidised and oxidised acid in the 
insoluble salt can only be accounted for by the formation of an 
insoluble basic ceric salt of the type Ce^X^p (Ce = 14*i) and siib- 
.sequent partial ■ oxidation of the acid, although no decided colour 
change characteristic of ceric salts was observed. No appreciable 
amount of ^-elseostearic acid was identified, so that stereoisomeric 
change had not occurred. If this is not admitted, then a change 
ill the form of' the cerium salt must have occurred without the pro™ 
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chictiori of . isorB,6rism in the acid radicle* The evidence, on the 
whole,, supports the theory of the formation of a basic ceric salt 
with subsequent partial oxidation of the acid ' radicle. 

The rate of absorption of oxygen by cerous a-elseostearate shewed 
that half the aniount of oxygen was absorbed in the first day^ whilst 
more than ten days w^ere required before the salt became approxi- 
mately constant in weight. 

The study of the oxygen ahsorptiou of the salt was easy to 
follow, and showed that with the formation of a basic ceric a-elseo- 
stearate of the type Ce 20 (X 02 )G, from CeX 3 or € 02 X^ 0 , one mole- 
cule of oxygen per molecule of acid was absorbed or that only one 
double linking was affected, so that the iodine value and the iodine- 
liberation value became approximately equal. It was only after a 
year’s exposure to oxygen that the second double linking of elaeo- 
stearic acid \¥as peroxidised. 

The peroxidic acid show^'ed gradual polymerisation until the 
syrupy acid set to a varnish. It had all the properties of peroxidic 
acids described by Harries, namely, instability in the presence of 
alkalis, but stability towmrds dilute acids, and -was not reduced by 
zinc dust and acetic acid. 

The investigation of these peroxidic acids will be continued 
because the study of them will go far to elucidate the problem of 
drying oils. 

Another interesting result was the indication of the presence 
of the jS-acid among the products of oxidation of cerous cc-elseo- 
stearate. jS-Elseostearic acid is less easily oxidised than the a-modi- 
fication, and can be separated from the mixed acids, as it is soluble 
in light petroleum whilst the peroxidic acid is insoluble. The yield 
of the acid is small, not more than 10 per cent., and, moreover, its 
potassium salt is comparatively stable in air. , At present it must be 
regarded as a component of the sample of the original oil, although 
its cerium salt is sparingly soluble in ether and only the salt soluble 
in ether was employed. 

The change of the a-glyceride into the 0-glyceride has already 
been' investigated (Mon*ell, T.,-1912, 101, 2082), and in a later, 
conimumcation the transformation of the a-methyl ester into the 
0~ester' will be described. 

, '.From the results stated,, the author is inclined to consider ■ that, 
in, drying oils, oxidation tO' peroxidic -acids is followed by; polymer- 
isation. This polymerisation may be' accelerated by other agents,' 
which,, would account for a. common . practical use 'of . two 'diff'erent 
driers, one '.essential : for oxidation and- the , other'' for' accelerating'' 
The "subsequent 'polymerisation. ^ 



110 MOEBELL: studies OE BKYING oils. PAET' I. 

Tlie oxidation of cerium a-el£eostearate shows that its function 
as a drier can he represented hj the following scheme: 

CeXg or Ce^OXg — CeolXOgh 

■“ O’OHY 

Ce,0(X0,), 4- drying oil CeXg-f [oxidised oil] 

From evidence given hefore, especially under ceroiis linoienatei, 
it is probable that the cerium .assumes the ceric state, but it must 
be pointed out that the colour changes are not very marked, as 
would be expected if a ceric salt were formed. This may support 
the view of the transient nature of the ceric form. 

The above representation agrees with the views of Ingle (/. Soc. 
Che77i. Ind., 1917, 36, 318) for lead linolenate. The action of 
ceriuni' salts as driers has been investigated by the author several 
years ago. It was found that cerium linoleate from linseed oil was 
a more active drier than lead linoleate, but inferior to manganese 
and cobalt iiiioleates (Mackay and Ingle, J. Soc. Gliem. Ind.^ 1917, 
36, 318). 

The addition of a cerium drier to a varnish containing a lead 
drier does not accelerate the time of drying like a cobalt or man- 
ganese linoleate. It was observed that within a limiting value 
of cerium content the time of drying of a standard varnish under 
works conditions was independent of the mass of the .cerium 
present. 

This result is what would he expected from theory. 

It is the intention of the author- to investigate further the cerium 
salts of the. acids from drying oils, and it is solely due to the pres- 
sure of war work that the results are submitted for publication in 
an inco.mplete form, but they are, in the author’s opinion, of suffi- 
cient importance to justify the course taken. 

Experimental. 

Oeroiis Stearate, — This salt was prepared from pure stearic acid 
and pure ceroiis nitrate, the precipitation being carried out in 
neutral or slightly acid solution. ' It is a white, granular salt 
insoluble in water and very sparingly soluble in ether' (0*6 per 
cent.) or cold turpentine; in these respects it resembles lead stear- 
ate. For analysis it was purified by means of ether : 

TOOOO gave 0*1710 CeOg. Ce = 13*91. 

(C|gHgg02)3Ce requires Ce = 24*20 per cent. 

Oerous Palmitate, — Cerous palmitate was prepared in the same 
manner from palmitic acid (Kahlbaum), and is a white, insoluble, 
granular salt. In ether its solubility is 0*8 and in turpentine O' 18 
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per cent. Tii© solubility of lead palmitate in turpentine at 15® 
is 0*106 per cent.: 

0*7544 (dried in a vacuum) gave 0*1418 CeOo. Ce = 15*3. 

0*5540 (extracted with ether) gave 0*108 CeOo. Ce = 15*87. 
(CieH3i02)3Ce requires Ce = 15*36 per cent. 

Gerous Oleate ,' — Ceroiis oleate (compare Morgan and Caheiij 
Pliarm. J.y 1907, 78, 428), prepared from oleic acid (Kalilbaiim), 
is a white, granular solid which is completely soluble in ether. The 
ethereal solution can be kept for months in a bottle in the dark 
without precipitation, only a slight browning of the solution being 
observed : 

0*8180 (dried in a vacuum) gave 0*148 Ce02. Ce = 14*73. 

0*8928 (from olive oil) gave 0*1582 Ce02. Ce= 14*13.*'^* 

(C 531-13300)306 requires Ce= 14*24 per cent. 

The high values of cerium in the analyses are due to the slight 
alkalinity of the solution from which the cerium salt was precipi- 
tated. 

Cerom Elaidate. — This salt is obtained in the usual manner, 
but it is precipitated slowly and in a more finely divided state than 
the oleate. Its solubility in ether is 1*07 per cent. : 

0*9678 gave 0*1744 CeOa. Ce = 14*66. 

(Ci8H3302)aOe requires Ce = 14*25 per cent. 

Gerom Linoleate. — Linoleic acid was prepared from the corre- 
sponding tetrabromide (Bollett, Zeitsch. Ghem.y 1909, 62, 

410). It had an iodine value of 179*6 (Wijs). 

A solution of pure cerous nitrate was added to a carefully 
neutralised solution of linoleic acid, and the white, granular pre- 
cipitated salt was analysed after being dried in a vacuum : 

1*2304 gave 0*221 CeOa. Ce=:14*62. 

The salt was extracted with ether, in which it was completely 
soluble, and on evaporation of the filtered solution the dried salt 
was analysed : 

0*9940 gave 0*1790 CeOo. ,Ge=14*66. 

(053113302)306 requires Ce = 14*33 per cent. 

Cerium a-Blaeostearate.—Th.e> salt was prepared from' , CliinesO' 
wood oil by saponification in the cold, neutralisation by acetic, acid', 
(cerous acetate is ' soluble in water), and , addition nf an^ ■, aqueous 
solution of' cerous hitrate. 

, The freshly prepared salt is' completely .soluble in ■ ether, .but if '' 
dried out of .contact with air it is no' longer,-' soluble in' that medium. 

; An analysis of , .the freshly precipitated .salt,, (which furnished ,aii ' 

A:'tMrcl'analysis%avevC©==s 14*85. ^ 
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acid melting at 45 — 46*^; I.V. = 177*8) gave the following luiin" 
bers : 

1-1060 ga.ve 0*198 CeOo. Ce = 14*64.^' 

(Ci8iIgi02)3Ce requires Ce — 14*34 per cent. 

The salt purified by solution in ether and subsequent removal of 
the solvent in a current of coal gas contained Ce^' 14*56, and gave 
an acid melting at 44 — 45°. 

On further examination it was found to be no longer completely 
soluble in ether, which fact points to either oxidation during drying 
or to some isomeric change. 

Precautions were taken to exclude oxygen during the drying, 
although it must be admitted that oxygen combines readily with 
the salt. 

An analysis of a cpiantity of the salt which had been dried in a 
vacuum and kept for some time in a sealed tube in the dark showed 
only a slight fall in the cerium content, but 86 per cent, of the salt 
was found to be insoluble in ether. The slight fall in the cerium 
content would be accounted for by unavoidable oxidation during 
the drying of a larger quantity of the salt : 

1-1230. gave 0*1900 CeO.g. 06 = 13*77. 

The acid obtained from the cerium salt insoluble in ether was 
Eii oil [I.V. = 88 (Wijs)] liberating 28*9 per cent, of iodine, and 
having a molecular weight in glacial acetic acid of 411*9. It reduced 
Peliling's solution and restored the colour to bleached magenta 
solution. The slight fall in the cerium content indicates consider- 
able modification in the acid, wdiich would appear to have become 
partly oxidised and gradually polymerised to a substance, 

Lead a-elaeoitearate was prepared' in the usual manner from 
cold hydrolysed wood oil. 

Found : Pb = 27*12. requires Pb=27*06 per cent. 

From the lead salt the corresponding acid was obtained which, 
oir crystallisation from alcohol, melted at 48*5°. The acid liberated 
ill two hours only 7*52 per cent, of iodine from potassium iodide in 
acetic acid solution. It was found that 73*4 per cent, of the 
original salt was insoluble in ether, and from it an acid was obtained 
melting at 44 45°. In its insolubility in ether lead a-elssostearate 
is, markedly different from the cerous salt. 

The portion' of the soluble salt was found on recovery tO' be only 
partly soluble in the solvent, and the permanently soluble portion 
furnished an oily acid with an iodine value of 104 after one and 
a-lialf hours and 115 after twenty-two hours (Wijs) and liberated 
36*59 per cent, of iodine after one hour. 


* A second analysis gave Co — 14 * 25 . 
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Tlie oxidation of cerium a-el^eostearate will be described in detail 
later. 

Gero^'tcs P-Elaeostearate. — jS-Elseostearic acid (Morrell^ T., 1912, 
101 j 2082) was neutralised witli the calculated quantity of potass- 
ium hydroxide and the potassium salt was dissolved in hot water 
(5*734 grains required 800 c.c. of hot water' for complete solution). 
With aqueous cerium nitrate - a white, granular precipitate was 
obtained. It is very sparingly soluble in ether or other organic 
solvents with the exception of hot benzene, from which it can be 
obtained as a white powder on evaporation of the solvent. The salt 
can be dried in a. vacuum at 110 “^ without loss in w^eiglit: 

r0436 gave 0*1526 CeOo. Ce- 14*25. 

(Cj 8 ll 3 | 02 ) 3 Ce requires Ce = 14*34 per cent. 

It must be pointed out that special iirecautions must be taken in 
the precipitation of the salt so as to- ensure a neutral solution. 
Unless care be taken, the cerium content in the precipitated salt 
may fall to 13‘6. 

After recrystallisatioii from acetone, jS-eteostearic acid showed 
an iodine-liberation value of 0*8 per cent, of iodine (two' hours). 
On exposure in the dark in dry air for a fortnight it gained 
nothing in weight, although there was a faint, rancid odour, but 
no change in colour. In the light the gain in weight after a month 
was 2*3 per cent. The potasvsium salt of the /3~ acid, on exposure to 
air in fourteen days, gained only 0*22 per cent, in weight, and after 
a month’s exposure in light the gain in weight was 1*22 per cent., 
although the salt had become slightly yellow. 

Gerous Linolenate, — Kahlbaum’s linolenic acid (iodine value, 
276- — 279) and pure ceroiis chloride were used for the preparation 
of the salt. Gerous linolenate is a white, granular solid which is 
completely soluble in ether. The ethereal solution was evaporated 
in a coal-gas atmosphere and the salt dried in a vacuum. It did 
not show as great a tendency to pass into an insoluble form as in 
the case of cerous a-elmostearate, and the salt can be kept for a 
month in a sealed tube without losing its power of .dissolving in 
ether : 

0*8098 gave 0*1480 GeOo. Ce = 14*7. 

(€ 13112302)306 requires Ce — 14*42 per cent. 

The ethereal solution of the salt gradually cl arkeiis in colour 
'.w.lien ■ exposed to light and a ■brownish-buff-coloured ' precipitate is 
'.fox-med, which liberates iodine .from potassiiiin, iodide 'in d,ilute 
acetic acid' solution, '■ It' is presumably ' a, basic ceric '.salt 'of an mxy- 
: linolenic. acid:" ■, '■.;" 

.' '■'.0*0'804 ''gave 0*0184 ■ GeOo-,.. '''■Oe ''=='18*63. : 

'CeO''(Ci3'H2902)2 '., reqiiires ; Ge'==' '1''9:’ 7' .per',',' ueiit. : 

■■■'Ge 0 (G| 8 H 2902 i 02 ) 2 . 3^ui3:BS:'0^ ;,per:;:ceh't,'.:.;;^''::A 
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On free exposure to air, the ethereal solution deposited a 
salt [Ce=17'0]. Ce0(C|8H2902,04)2 requires Ce = 16*7, and 

Ce0(Cj8H2902,30) requires Ce — 17*3 per cent. The brown-coloured 
ethereal solution contained a cerium salt: 

0*9356 gave 0*1484 CeO.. 06 = 12*91. 

Most probably the brown ethereal solution contained a mixture 
of ceric and cerous salts of the types CeX 4 (Ce = ll*2) and CeXy 
(Ce“14*4), rather than a basic ceric oxylinolenate of the type 
Ce20(X02)6 (Ce = 13*0 per cent.). The proportion of oxidised 
insoluble salt to oxidised soluble salt was 1 :5*2. 

The change of colour to a yellow or brown shade is noticeable 
when solutions of cerous salts in organic solvents are exposed to 
the air. 

Reference will be made to the other basic salts in the examina- 
tion of ceric salts from drying oils. 

Cerous A. hietat e.—Ahietie -acid was prepared from French rosin 
by repeated recrystallisation from 70—90 per cent, alcohol. On 
the ninth crystallisation an acidi was obtained melting at 150 — 156®. 
The white cerous abietate dissolves in ether to the extent of 97*8 
per cent., is soluble in turpentine, and does not lose weight at 
100 — 110 ®: 

0*9772 gave 0*163 ' CeO^. Ce = 13*62. 

(C2oH2902)3Ce requires Ce= 13*43 per cent. 

The cerium salt prepared from crude American resin was not 
completely soluble in ether (15*44 per cent, was insoluble), and it 
coiitaiiiecl only 10*2 per cent, of cerium owing to the presence of 
abietic anhydride. The cerium salt soluble in ether contained 
Ce = 7*83 per cent. 

An ethereal solution of cerous abietate gradually becomes orange 
and a precipitate is formed, similar to- the behaviour of cerous lino- 
leiiate in ether. 


Cerous Saifs from Thiclcened Drying Oils. 

. Olive Oil. — After the saponification of, olive oil, the lead salt 
soluble in ether was transformed into the barium salt, which was 
treated with a mixture of benzene and alcohol, whereby 25*9 per 
cent, dissolved (Morrell, loc, cit.). It may be pointed out that 
47*8 per cent, of the' barium salt soluble in a mixture of benzene, 
and alcohol is soluble in ether. 

The cerous salt from the soluble barium salt gave the following 
result on analysis : : ' ' 

0*8928 gave 0*1582 CeOo. Ce = 14*13. 

(Cj 3 H 3302 ) 3 Ce requires Ce= 14*24 per cent. ' 
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Tlie salt of tiie CX3 or normal .type is soluble in ethei% aitliougli 
Oil exposure to air it becomes only partly soluH@j leaving a residue 
(30*86 per cent, of the whole), which contains 06=20*15 and is 
evidently basic ceric oleate. 

Ce0(C|gH3302)2 requires Ce = 19'5 per cent. 

The cerium salt from the insoluble bariiun salt is likewise of the 
normal type. 

From the thickened olive oil (Morrell, loc, eit.) the barium salt, 
insoluble in a mixture of benzene and alcohol and insoluble in 
ether, gave a cerous salt of the normal type soluble in ether : 

0*9964 gave 0*166 CeO^. 06=14*03. 

This salt could be completely redissolved in ether. 

On the other hand, the cerium salt from the barium salt (37*2 per 
cent.) soluble in a mixture of benzene and alcohol was of two types, 
namely, one soft and viscous, soluble to the extent of 68*45 per 
cent. i.ii ether and containing Oe= 11*62, whereas a salt of the 
CeX^ type requires Ce= 11*07 per cent., and the other of the basic 
ceric type CeOX2 containing Ce=19*9 (Calc., Ce = 19*5 per cent.). 

Thichened Poppyseed OiL 

The cerous salts of the raw poppy-seed oil are of the normal 
type, CeXg, and soluble in ether to the extent of 93 per cent. 
When poppy-seed oil is thickened (Morrell, loc. two types of 

cerium salts are obtained from the oil soluble in acetone, namely, 
CeX4 (65 per cent.), containing Ce= 11*36 per cent, and soluble in 
ether, and CeOX2 (25 per cent.), containing Ce = 20*9 per cent, 
and insoluble in ether. 

From the iodine values of the acids obtained directly from the 
thickened oil, there is no evidence that oxidation has occurred 
during heating, but the acid obtained from the cerium salt of the 
00X4 type has an iodine value of 71 — 79, indicating that oxida- 
' tion of the cerium had taken place, presumably during the handling 
of the salt, and it is possible that the salts of the 00X4 and CeOXg 
types may contain partly oxidised X-groups, which would explain 
the low iodine value given above. 

Thickened Linseed Oil. ' 

' Ordinary linseed oil was transformed into the lead salt soluble 
'■'in ether, and from it into barium salts, which were' extracted 'with 
''a warm mixture of benzene and alcohol; of thesOj 82*5 ■ per; ■ cent.', 
"/consisted of the normahCeXs type [soluble in ether, ■ but not com- 
pletely ■' ■ soluble in ' that solvent::’ on careful recovery], andv the ^dn-' 
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soluble residue showed ceric properties, with 12*4 per cent, of the 
CeO(XO.)o or CeO(XO,j)/ types/ 

When linseed oil is thickened by heating under the conditions 
previously referred to, the mixture of cerium salts obtained from 
the non-poly merised part soluble in acetone is soluble in ether only 
to the extent of 50 per cent., and consists essentially of salts of the 
CeX 4 and CeOXg types (see above). It is difficult to avoid com- 
pletely chances of oxidation during the thickening of the oil and 
the handling of the cerium salts, but the results seem to indicate 
the produGtion of modifications of the oil on heating, which are 
prone to oxidation, and this view is not contrary to experience 
with thickened oils as drying oils. 

The- Owidatio?i of Cerous a-Elaeostearate. 

The absorption of dry oxygen by cerous a-elseostearate, soluble 
in ether, and recovered from that solvent, was determined by : 

(d) Direct measiireinent of the volume of oxygen absorbed. 

(B) Increase in Aveiglit of cerous salt. 

(d) 0*268 Gram of cerous a-elseostearate, soluble in ether, was 
kept ill contact with a known volume of pure dry oxygen and the 
dimiiiiitioii in volume observed. 

Perc€?itage Weight of Oxygen Ahsorhed, 


In 1 6 hours at room temperatme 4*4 

24 „ „ „ . 8-7 

» 3 „ „ „ . 9 . 37 . 

»» 4: j, ,, ,, 9*79 

Ceo0(CTgH3i0«,0.j)a requires 9*66 per cent. 

requires 9*8 per cent. 

Ill, 4| days at, room temperature 10*0 

» H „ ■ 10*8 

n » ■ » ■ IM9 

m ■■■ ■» 12*54 

17*43 

,, 10 montiis: „ . ' ' 19*01 


Ce(Ci 8 H 3 i 0 .j, 04)3 requires 19-65 per cent. 

Ce-PCCigHyi 0 . 2 , 04)8 requires 19‘3 per cent. 

, After ten months, the salt gave the following results on analysis : 
d-281 gave 0*042 CeO^. . 06=12*1. 

, Cl^sS^3i02.04)3Ce requires Ce=ir97 per cent. 
(CjgHsiOg, 04)3000 requires Oe= 11*81 per cent. 

fB) Quantities, of about 20 grams of the salt, , purified by ether, 
were kept in dry oxygen and 'the gain-in weight of the 'salt,, was 
determined from time' to time. 
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Per cent. 

19*243 G-rams showed a gain in weight in 1 day = 6-82 5*27 

3 days = — 7*7 

(Average temperature 120*^) 4 „ = 8*65 — 

6 „ = 9*8 9*6 

8 „ = 10*24 

11 „ = 10*66 10*4 

13 „ = 10*9 0*6 

During the first eiglit liours, the rise in temperature of the salt 
was very decided, and after five hours the difference in tempera- 


Absorpllon of Oxygen by Cerium JSlaeosiearate. 



Curves I and II were obtained from the volume changes of the oxygen. 

Curve III shows the percentage mcrease in weight of the salt. 

ture between the salt and' the air in theToom was as great as 11*5° 1 
at' the end of eight hours the difference- was' 3*5°, 

The relations between time .and - absorption' are shown ■ in the 
curves. In curve I, after the tenth day, the': salt- was repowdered 
and "the oxygen renewed'. ' ' 

The cerium salt, in ethereal solution, was transformed into, the 
. acid by means of dilute sulphuric acid, whereby a 'viscous-' oil 'of. 
slight, 'rancid odour was obtained'. '' It /was, ' extracted . by 'light- 
,' petroleum, '.in 'which 4 „to 14 per cent, was .'soluble. The part, soluble; 
in , -light , petroleum ■ was a syrup,' from which, crystals melting at 
■'8:7-— 68°- were'' -obtained. These were ' presumably ^-elseostearic acid. 
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Tile syrupy motiier liquor liad strong reducing and peroxidic' 
properties, and was probably of an aldebydic or aldeli 3 ^do-acidic 
character. The residue insoluble in light petroleum was a viscous 
solid wdtli strong peroxidic properties, which were destroyed, on 
warming the substance wdth mineral acids or alkalis, but weix 
retained in the presence of 10 per cent, acetic acid. On warming 
with dilute sulphuric acid and testing with titanium dioxide, a 
definite peroxidic reaction was obtained : 

01544 gave 0-3878 CO. and 0*1328 H.O. C-6S*5; II-9*56. 

0*1370 „ 0*340 Co/aiid 0*1124 H^O. C = 68*48* I-I=:9*ll. 

Iodine value = 79*35; iodine liberated in two hours = 50 per cent, 
0 = 6*3; in twenty hours = 73*63 per cent. 0 = 9*3. 

C 18 H 32 O 4 requires 0 = 69*23; H = 10*25 per cent. Iodine value= 
81*4. 0 = 10*3 per cent. Iodine liberated = 81*6 per cent, 

CigHg.O^ requires 0 = 66*00. H = 9*7 per cent. Iodine value = 

73*4. 

The viscous mass undergoes slow polymerisation, and the mole- 
cular weight increases when the substances is kept in a vacuum, so 
that it eventually hardens to a varnish-like mass. In glacial acetic 
acid (after fourteen days in a vacuum), M.W. = 484 — 518. 

After twenty-eight days in a vacuum, M.W. =518— 535. 

After two months in a vacuum, M.W. = 654 — 691. 

CjgHgoO^ requires M.'W. = 312. 

The peroxidic acid was boiled with freshly prepared calcium 
carbonate and water under refiux for three hours, and then ex- 
tracted with ether. The ethereal extract (14*7 per cent.) was a 
syrup reducing Tehiing’s solution and having the usual peroxidic 
properties. 

The red, viscous residue, which likewise reduced Fehling's solu- 
tion, liberated iodine from potassium iodide and gave a hydrogen 
peroxide reaction with titanic oxide. It yielded a series of viscous 
salts with soluble barium, cadmium, cobalt, copper, and ' strontium 
compounds, and in slightly ammoniacal solution, a granular, basic 
lead salt of the peroxidic acid ; 

1*4586 gave 0*8238 PbS 04 . Pb = 38*61. ' 

' C 2 sIl 3 i 02 , 02 ,Pb 0 H requires Ph = 38*69 per cent. 

The author desires to express his; thanks to the Eesearch Fund 
Committee' of , the. Chemical Society for a grant defraying the cost 
of the investigation, .and to' Messrs. Mander Brothers for permission 
to publish’ the results. 

Maui>eb Beothees,'’ 

WonvEBiffAMrTOU’, , [i^ecewed, .Decem&er.lM?,, 1917.]' , 
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XVL — The Chiorirmg MfiUers oj^ Camwood. Barivood, 
and Sandersivood . 

By Pauline O'Neill and Ae,thur Geobge Peeilin. 

Op tb© four well-known “insoluble'’'’ red dye-woods, saiidersvfoocl, 
bar wood, caliaturwood, and carnAvood/-' tbe first-iiaiiied lias been 
most closely exaiiiiiied, and altliougli barwood and caliatnrwood 
bave recewed some attention, no description of tlie colouring 
matter of camwood appears to be on record. Tlie close similarity 
in tb© dyeing properties of these woods, and the fact that all are 
substantive to a?oo1, s'uggests that the dyes present are chemically 
allied, and it is indeed conceivable from the very similar shades 
given by saiiderswood, barvmod, and caliatnrwood that the same 
colouring matter may be present in each case. , Camwood, on the 
other hand, gives with mordanted ivool somewhat bluer tones, 


Cliromiinn. Aluminium. Tin. Iron. 

Camwood Reddish- violet Red Bluish -red Violet 

Saiiderswood' Brownish-red ■ Orange-red. Red , Maroon 


and its coloiiri'ng mattery according to dyers, is more readily dis- 
solved' by 'water than that of the. other dye-woods' of,, this class. 
A chemical com.parisoii of this with the santalin of saiiderswood 
appeared ' desirable, the latter , ..having somewhat recently been 
closely studied ,, ,by Cain and Simonsen (T., 1912, 101, 1061). 
Thes©' .authors have suggested- for santalin the .formula 
also coiisidered probable by . Weyermann and .Half ely 
1850, 74, 226), and find that this may b© expressed as 
C:i4H90o(0H)2(0Me). 

.Of the numerous derivative.s of this colouring .matter -described in 
■ -their paper, . santalin dimethyl ether, Cj4Hrj0.2(0Me)s, is specia-lly, 
'.interesting' in that, -by o?ddation,' veratrie,' a.nisic, , and , butyric 
acids can be, prepared from it. ■ That sandersAVood. contains, '-.in' 
,;. addition to santalin, fa 'second .colouring matter appears' -possible 
-.■.-'.from the work -of W eidel (Zeitsch. filr ' 1870', 6, 83.),.- who 

'.obtained .from, it,, in addition’ to.. 'kis coloiirl.ess, , crystalline' santal, 
.'.CgHgOg-, a' bright red' substance', ' Gj4H-i204,, solubte in -alk'aliiie- ■.solu-. 
.rtions. with , 'a purpHsh-recI,-',''CoIo'u'r'.-' ,-;Cur'iously- onough-,- -in the more 
,,' recent-,' accounts -of .'.'sanderswoO’d, -.'this ■'.paper: appears.- to have been 
■lo'St- sight of.--.-' f 

. ■ "' .'..The '.present ' investigation, ■: 'although -CG-ni'menca'd : , ".a, considerable 

:: A'; les8,';kupwn:;'insoluMo-red';,WoQ.d,'is ■'th6-';Na^ ■ol.-the ■RhSippIn©: 

,; Islands', 'heen'inyestig^^^^ 
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time is of necessity somewhat incomiDletej and must remain 
so for the present, on account of other work which in the present 
circAiinstaiices is of greater importance. 

Experimental. 

Ill order to obtain some idea as to the solvent properties of' the 
constituents of camwood, the fractional extraction of a few grains 
of the powdered wood in a Soxhlet apparatus was first carried out, 
and for the sake of comparison, samples of harwood and sanders- 
wood were similarly treated. Employing in the order given, 
benzene, ether, ethyl acetate, acetone, and alcohol, fractions very 
similar in appearance were obtained from each of these 'woods, as 
if, indeed, all contained the same constituents. From . the 
behaviour of the solvents, hovrever, it became apparent that'm-ore 
than one colouring matter was present, lor, after the reirLOvahof, 
colourless substances by means of benzene, ether somewhat slowly 
dissolved a red colouring matter, and when this ceased to pass into 
solution, a considerable amount of a. brownish-red ■ substance, 
evidently the main product, was^ extracted by means of commercial 
ethyl acetate. ' Subsequently, by means of acetone, a small amount 
of a similar compound was isolated, whereas the final alcoholic 
extract contained traces of a darker and somewhat uninviting- 
looking product.* 

In working wdth canwood on the larger scale, such a ' process 
was impracticable, and an alcoholic extract' was first prepared. In 
order to isolate the mixed colouring matters, the precipitation' of' 
these as lead salts by means of . lead acetate according to., Meier^s 
method {Arch, Pharm., 1848, 55 ,. 285) was at first 'adopted, but 
the subsequent filtration processes were so extremely tedious that 
a more rapid method was devised. This consisted in the addition 
of coneentrated barium hydroxide solution to the wood extract in 
boiling 80 per cent, alcohol, there being thus formed a precipitate 
of the barium salt, which filtered rapidly, and was' subsequently 
w.ashed with 80 per cent., .and- finally with .boiling alcohol. ' ■ The 
reddish-brown precipitate suspended .. in water was decomposed 
. by .'means of dilute ■ hydrochloric' acid, the crude colouring matter', 
-collected, -and, in order to -remove' as far as, possible obstinately 
retained '.mineral matter^ boile-d .two or' three times with 5 .per cent. 

, . hy drp'chloric acid solution, '.When ■ cold,-: the product was repeatedly 
ground -with "water to decompose com,pl6tely . the oxoniuiu' hydro-' 
chloride "prese-nt. ' 

„ "By.,'exhausti:oii";with alcohol, camwo-od gave l.B 'per cent. unAmndetmood^ 
per cent.:. o,f'- extract* 
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The dried substance was now dissolved in a little akoliol, tlie 
solution stirred v^itli purified sand, the alcohol removed •evapora- 
tion, the residue finely ground, and extracted in a large Soxlilefc 
apparatus with commercial ethyl acetate. At the 'end/ of the 
operation some quantity of the colouring matter had separated 
out (A), and from this the supernatant liquid was clecaiitecl, 
evaporated to a small bulk, and poured into ether, causing the 
■deposition of some quantity of brown precipitate, wliicli was added 
to A, That fraction soluble in ether is referred to later as B, 

A was dissolved in absolute alcohol, the solution treated at 
about 60^^ with alcoholic potassium acetate solution, and the 
voluminous precipitate of the pot^^sium salt collected and washed 
with alcohol (compare Cain and Simonseii, loc. cit.). It was 
decomposed in warm aqueous suspension with cliiute sulphuric 
acid, the reddish-hro'wn product, after washing, allowed to dry on 
porous porcelain, dissolved in a little alcohol, and reprecipitated 
by pouring into ether. Finally, it was •digested with boiling 
purified ethyl acetate, which removed a trace of more readily 
soluble substance, and repeatedly washed with the same solvent. 
Found: 0 = 65*68, 65‘49; H = 5*47, 5*52. 

C15H14O5 requires 0=65*69; H = 5‘ll per cent. 

This siihstaiice, for wdiich ■ the name isosantalm is^ proposed, 
consists of a dark chocolate-coloured powder which on grinding 
becomes redder in appearance, ■ As deposited from dilute alcohol, 
it could not be obtained in a definitely crystalline conclition, and 
aitlioiigh when isolated from ethyl acetate the product frequently 
exhibited iniiiiite serrated edges, detached .crystals have as yet 
not been observed. When heated, it showed no signs of melting, 
had darkened at 280°, and was fully decomp-osed at 290 — 300°, 
being then a carbonaceous powder. It is readily' soluble, in ' boil- 
ing methylated spirit, but with hot -absolute alcohol, it' resinifies 
and does not readily pass into solution-. ' The general properties 
of this substance are described . later in. comparison' with those' of 
"'santalin.. ■ ., 

'^'xilthough the elementary analysis of aiosantalin was in' agree-' 
'ment' with the formula- Ci5H3_405' proposed .for santaliii ,by -''Cain.' 
■anci Sinioiisen, .Zeisel' determinations.^^ of' .the former showed, 'that 
it - could' not' ' 'posse-ss ■, this form’uia, - ^vhich , would' ■ require, a-s ' deter-: 
'inined ...by these ..'authors,^, G'H3'=5*47 ' per cent. ' Indeed, - the ..best- 
■' -expression- ior the figures 'obtained-- is ■given below, as- th.e ''.r.'e'Sult'„"of' 
..the analysis ■.'•..of "nuniero'us ' .-preparations '.dried .at, 160°.''"," 

-These, ■ w'e,re , ca,rried ,'out,, by Perkin’s- ■ metho'd,. : with '• and , ■.without acetic., 
-anhydride, and employing as a precaution bulbs containiaig a suspension 

-' of ','amorphous''.',phospliorus» ■'■■"''.'■'.f":'. 
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Eoiiiid: CH3:-6-82, 7*01, 7*03, 6*85, 7*30. 

requires' C- 65*75; H-5'02; Gi:L^--0:r85 per 
cent. 

Tlae potassium salt, prepared with boiling alcoholic potassium 
acetate, was repeatedly washed with alcohol, and consisted of an 
amorphotis, reddish-brown powder. In case the «sosantalin is 
impure, the precipitate is not granular at this temper atiire, but 
congeals to resinous lumps. 

Found: E: = 2*71, 3*03, 3*08, 3*06, 2*26. 

(C24l-I.2iOs^)(^24l'^22As)3 requires K = 2‘18 per cent. 

C72H^;5024 requires K — 2*88 per cent. 

■ ' These figures were again distinct from those obtained by others 
for the potassium salt of santalin, CgQH9;705K, which requires 
K“6*76 per cent. 

To decide between the two formulse given above is not easy, 
for although the latter agrees best with the analyses obtained, 
isosantalin obstinately retains traces of ash which naturally 
aGcumiilate in the precipitate, and, again, this amorphous potassium 
salt is not easy to wash. When an alcoholic solution of 2*sosantalin 
is treated with a mineral acid, an intense reddish-violet solution is 
obtained, which is evidently due. to the formation of an oxoiiium 
salt. These compounds,- owing to their reacly solubility in alcohol 
and acetic acid, could not be satisfactorily isolated, although the 
hydrobromicle, which is fairly stable, can be obtained on evapora- 
ting its alcoholic solution as a black, glassy mass. They are also 
produced to , some extent in the insoluble form by the action of 
hot dilute aqueous acid, and are gradually -decoiiiposed -in .contact 
.with -water, with r-ege-neration of the reddish-brown colour of the 
o.riginal dye. 

Acetyl .Derhathw . — The substance was digested with ho-ilirig 
acetic anhydride and a trace of pyridine for three hours, and' the 
Solution p-oured - into water. '.The precipitated product when dry 
was dissolved iii' b-enzene, the solution filtered, if necessary, and 
poured into light ' petroleum. The deep, salmon-coloured .powder 
was finally washed 'with a little -ethe-r. ' 

^ Found: C':='63-5,4 ; H=4*-95, '■ ■ ■ 

' ^24^18^8(02,1130)4 ' requires Cl,==63‘36;, 4*95, per cent.t':,,'^:^ 

'..An ' acetyl .determination .■■by- the .ethyl, 'acetate method ,,;gav,e- 
,' O2H4O2,'— 39*67, ■whe-reas^.the above ..formula' requires 0211402 ==.39*60 
.per' cent.: - These, figures .are- very -'.similar to those ''found' by,' Cain 
, 'and -Si'm,onsen for - acetylsantal'in. ■ ■■ ■ ■ 

... It did .n,oh.,po's's,ess:-'.a :-de'fi''ni^','.m'eitm but ^gi’adually decom- 

n:f0s©d,:;;With 2609-- ■'aMV'SSO® forming a carbon- 
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a,ceoiis powder. It was readily 301111)16 in benzene,, sparingly so' in 
alcoliol, and hae not been obtained as yet in a definitely crystal- 
line condition. 

A iiioleciilar weigiit determination, employing iiapbtlialeae^' as 
solvent, gave tlie following result: 

0*633 ill , 13*0 iiaplitbaieiie gave A?‘ — — 0*14^. M.W.~-2344. 

Tills small depression did not appear to arise from a separation 
of the substance during the crystallisation of the iiaplitlialeiie. 
The result is interesting, as it approximates to thev formula 
[C.24 H|s 0 .j(CoH 30)4]4, M.W. = 2360, which accords with the fornia- 
tion of the potassium salt, previously referred to. 

Whereas the substance on the one hand may be regarded as itself 
highly associated, it is quit© probable that the association occurs in 
the solution of iiaplitlialene or that a colloidal solution is thus pro- 
duced. Complex salts, again, of the character of potassium 
Isosantalin can be obtained from simple substances, siicl\ as gall- 
acetoplieiione (T., 1903, 83, 131), wdiicli with, aqueous potassium 
acetate forms potassium trigailacetoplienoiie,- C24H23O12K.. 

Eccamination of the FracfAon 'B. 

Whereas: f^osantaliii' is almost entirely precipitated when , its 
concentrated alcoholic solution is. poured into ether, a second colour- 
ing matter; is present which in these circunista,nces remains dis- 
solved. Th©' residue obtained by evaporation of the extract gave 
C = 66*54, H = 5*61, €£[3=8*06 per cent., figures indicating in the 
light of later results the presence of iaosantalin and a third suh- 
staiice of high inethoxy-content as impurities. With the object of 
removing the former, a concentrated ■ alcoholic , solution was poured 
into much benzene, the resinous precipitate, which separated in,' 
small quantity, removed, and the highly flu orescent liquid ,gi‘adu- 
ally evaporated/. Any deposit which' quickly, separated' ■ was 
'neglected, the ' clear liquid c'oncentrated until," bright, red , flocks",' 
separated, and' these, were collected and wm'shed •w,ith^ 'be'nzeiie. '',, ' 

'A more, rapid, method of "isolating this" :suhs'tance, although ' in ' a': 
cruder, form, ''Was ,'to .pour, 'a ''concentrated alcoholic, 'extract "o,f 'the 
wood into boiling 'b'enzene,' and -to .submit" the liquid to , fractional .' 
,evaporati'Oir. , The,' product could "he ■■obtained", purer by„ 'a '■S'econd^' 
t.reatinent in the same manner. The bright scarlet powder 
obtained by these methods gave GH3 = 8'10 per cent., a figure 
showing lio reasonable connexion with fsosantalin, and further 
purification was evidently necessary. ' This was ©fleeted by treat- 
ing a concentrated solution of the colouring matter in alcohol with 
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a' little 11^1110151011110 acidj and repeatedly staking the liquid with 
etlierj in which the hydrobromide is insoluble."^ The solution of 
the latter was now poured into water, and in order completely to 
remove hydrobromic acid, the mixture was gently wanned with 
sodium acetate solution. Finally, the compound thus isolated was 
dried on sand, extracted with ether, the liquid diluted with a 
little benzene, and the red deposit which separated during evapora- 
tion washed vhth benzene. ■ 

Found: C = 67-63; H-5-33; CHs-T'lS, 7-42. 

C. 24 H 24 O 7 requires C =67*92; H = 5*65; CIIg = 7'08 23 er cent. 

Such a formula, which represents this com 23 oiincl as i^osantalin 
less one atom of oxygen, but richer in hydrogen, suggests the 
replacement of a CO-grouping in the latter by CII 2 , but as this 
for the present, must remain hypothetical, the compound will be 
tentatively referred to as deooii/isosantalm. 

It consists of a scarlet, amoriohous powder which lias not yet 
been obtained in ,a definitely crystalline condition. When heated, 
the preparation did not show any welhclefiiied melting point, but 
decomposed at 160 — 165.^ with the evolution of gas. It is readily 
soluble- ill pure ethyl acetate, sparingly so in ether, and is again 
distinguished from isosantalin by the redder shades it. gives on dye- ’ 
ing and the redder tone of its alkaline solutions. A fuller account of 
these is given later. When a solution of the substance in absolute 
alcohol is treated with potassium acetate, no immediate, precipitation 
O'f potassium salt occurs as hapiiens in the case of fsosantaliii, and 
only when excess of. the reagent is employed is a gelatinous deposit 
formed. The presence of this is no doubt res 2 >oiisible for .the 
resinous condition of impure |>otassium santaliii when this is pre- 
pared , in . the |iresence of boiling alcohol. It was acetyl ated ' by: 
boiling with acetic anhydride and pyridine, and the product, 

■ isolated by means of water, was dissolved ' in benzene, precipitated 
by light petroleum, and subsequently washed with pure ether. 

' Found: 0=64*34, 64*61; H = 5*40, '5*29; a,HA = 39*67, 39*94... 

.€ 24112007 (^ 2 ^ 30)4 requires 0 = 64*86 II = 5*40; 0211402 = 40*53 

per cent, 

' .A thus contains the same number of' acetyl 
.groups, '"as .- acetyHsosantalin. ,It ' consists, when dry, ' of an almost' 
'Colourles.s po'wder, differing considerably .in appeara.nce':from acetyl- 
, fso.saiitalin, 'and iS' also' '.more re.adiiy soluble in benzene.' . ..'When 
" heated, it ..'fused and '. .decomposed ■ at 170— .175® 

' 'The' ethereal liqmd eontained some quantity .of an .' almost colomieBS 
'phenolic '..aubstanoe' wliie.h' ' .did-, 'not ; appear, to '■b 6 .'.,readily'''snseepti„ble ' .of - cryS'-. 
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0*7485 ill 12' 13 iiapMliaiene gave =— 0*325®. M.W. = i324. 

(C32Hg.20|j)2 requires M.W, = 1184. 
AGetyldeoxy^sosaiitalin in these Gircumstaiices thus shows 
approxiiiiateiy oiie-lialf tlie molecular weight of acetylAosantalin, 
a propert};^ again distinguisliiiig these two substances. 


Sanders wood. 

Although i.sosantalin closely resembled in ’ its general reactions 
the santaiin of saiiclerswood, the formula Ci5Hs0g(0 *0113)2 assigned 
to the latter by earlier workers nevertheless pointed to a consider- 
able difference between the tTVO substancs. For purposes of com- 
parison, an alcoholic solution of sanderswood was prepared, the 
colouring matter isolated by means both of lead acetate and baryta, 
and the product worked up by identical methods to those previously 
employed with camwood. As a result,' it was found that the 
phenolic constituents of both woods closely resembled one another 
in general properties, and two distinct compounds, santaiin and 
deoxysaiitaliii, corresponding with iso- and deoxyfao-santaliii, were 
isolated. The santaiin was finally purified by extraction' with 
purified ethyl acetate, and, could be subsequently crystallised from 
dilute alcohol. 

Found : ■C = 65'70j H=4*90] OH3 = 6*81, 7*09. 

■ CigilxiO^' requires C = 65‘7; H = 5T1; CIl3=5*47 per cent., 
C24H00OS ; „ C = 65'8; H = 5’02 : per cent. ,, 

Santaiin is therefore isomeric - with, fsosantalin, and cannot 
possess the formula C15IIX4O5. It consisted of, a chocolate-' 
coloured powder, ■ veiy similar in ,ap'pearance to fsosantalin, 
readily soluble in, hot methylated spirit, although with absolute 
alcohol it resinified and '.dissolved with difficulty. When lieated, it 
comiiienced to soften at 243®, decomposed at 250 — ^260®,. and at 270® 
bad become a honeycombed, carbonaceous' mass. Cain and Simon- 
'sen (foe. cit.) .describe santaiin as melting at ^ 223— 226®, .but from 
the examination of the colouring matter isolated' according' to their 
direction and in, other ways, it.. seemed certain that santaiin, decom- 
poses /at .about the temperature stated' above, and ' does, '' not 
possess a, dis.tinct ,'ineIting,."point. The ,', decomposition, of this 'Sub- 
stance, 'however, occurs, at- a, ,'much , lower' temperature 'than.'' in.',, the.' 
'case of 'fs'osantalin. .It w^.as, first' pointO'd .'Out by, one of „us' (T,, ISSS, 
.75, 443)',' that , the, co'mm'ercial santaiin ' 'of 'Merck yielded with 
alcoholic' potaBsiuiii' acetate" a maroon-coloured salt, which on 
'analysis gave K = 6*94, corresponding with the formula 
,'Aithoiigli in this ease, as was indeed' indicated, the reaction was 
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only given as a general illustration of tlie potassiinn acetate iiretliocl, 
this result ap'peared to be correct, for not only was it confirmed 
by Cain and Simonseii,' but Brooks again (.Philippine J. Sci.^ 1910, 
5, 448) obtained from narriii an allied colouring matter of iiarra 
wood, Fterocarpug^ spp., a copper salt, Bxperi- 

iiieiits now carried out with pure sautalin gave a very different 
result, the potassium salt prepared by means of boiling potassium 
acetate giving K = 2*45 per cent., a figure very similar to that 
yielded by potassium fsosantalin. 

There was some reason to suspect that the eoiiirnerciai saiitaliii 
sample Just referred to represented the precipitate derived by 
acidification of an alkaline extract of the wood, and as it is known 
that in this way some alteration of the colouring matter, or at 
least a portion of it, occurs, it was interesting to examine the 
potassium salt obtained from, this crude material. Such' a pre- 
paration, although very thoroughly washed, contained free mineral 
matter, and the potassium salt derived from it gave K = 4*01 per 
cent. This result, although- higher ■ than that given by pure 
santalin, is not suffi,ciently so to explain the analysis of the original 
product, which would thus appear to have contained much fre-e 
mineral' matter. 

The potassium salt of santalin may thus be represented, as in 
the case of the f^osantalin compound, as either C 7 .>H| 55094 lv. ' or 
C,eHsA2E./ ■ ' - , . 

Santalin in alcoholic solution shows evidence of the formation 
. of 'soluble oxoiiiiim salts with mineral acids, and although it closel)^ 
resembles isusantaliii', gives colour' reactions which indicate that 
it is not the same substance. 


Alcoholic hydrobro.mie acid 
Dilute, , sodium hydroxide . . . 
Alcoholic ferric chloride..,. 


Sanialin . ' ' ■ ' isoSanialm, 


Crimson 
Dull red 
Violet 


Reddi8h"V,iolet 
.Dull violet 
Blm,sh-vi,olet'. 


/'■' 'Again, the solution of -'isosaiitalin in-''alcohol is much browneit 
than that' of santalin. 'Somewhat more marked ' are the difiere'nces" 
in -shade- .given by these colouring matters in similar circumstances, 
especially when mordants are-. emplo'yed. Bor dyeing the colouring " 
■inatt'er, 'O'* 25, grain in’ alcoholic solutio-n was added to the' water ' iu' 
the -dye-bath, and- t-he' dyeings were carried ..out (ri) ,' eiiiployiiig wool.. 
'-alone, '(5)- employing wmol alone -and subsequently saddening .with ' 
bichrome, ,,'(c) employing -wool morda-nted with bichrome and cream.' 
of tartar, and' employ ing wool m''ordanted - 'v*?'ith,', bich,rome 'a'l-u 
sulphuric acid-.' 'The results mb taiued., W'e're, as follows: 
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(a) (b)^ 

3&i'ataliii ... Pale ciiiii red Dull red disk- 

brown 

■isoSantaliii Pale violet-red Doli violet- 

maroon 


(^) 

.Pale reddiali- 
pink 

Violet -red 


id) 

Pale reddisk- 
piiik 

Akolet-red, 
weaker tha,ri 
(C)‘ 


Acetylsantaliiij prepared in tlie same way as acetylisasaiifcaliii. 
closely resembled tlie latter in appearance. 

Found: 38*96. 

Cb4HisOs(C2HgO)4 requires C2H40.2~39*6 per cent. 

It consisted of a deep sainion-colonred powder, wliicli coniinenced 
to decompose at about 225®, and at 255 — 260® stvelled up to form 
a carbonaceous mass : 

0*7258 ill 12*03 iiaplitlialeiie gave Ai^= — 0*165®. M.W. = 255S. 

Tlie small depression tliiis obtained is similar to that given by 
acetyHsosantaiiii, and approximates to tbe formula (C33H30Oi2)4- 


Deoxyeanialm, 

Saiiderswood resembles camwood in containing a second, . more 
readily' soluble colouring matter, for v^bicb tbe name deoxymntalin 
is suggested. It may be. prepared according to tbe metbod' giveii 
for tbe isolation of deoxyfsosantalin. ■ 

.Eoxmd: C = e7*59,, 68*10; H-:5*08, .5*70; ,01-13 = 7*21. , ' 

O24H24O.7 requires C= 67*92-; H = 5*65; CH3 = 7*08 per-cent. ' 

It consists, of a bright red powmler,. tbe ethereal solution of 'which 
possesses a greenish fluorescence, but , it- has not yet been obtained 
in a crystalline condition.. Alcoholic potassium acetate gives' no 
im,i3aediate precipitate of potassium salt, but after , some time' or, by 
means of excess of the reagent a ' gelatinous', deposit separates. ' A 
'com,parison of the ' colo-iir reaction of deoxysantaliii (a) andnleoxy-' 
isosantalin (-&) are given in the following.,' table. ' These, compared' 
respectively with sail talin" and i^osantalin (see 'earlier), possess 'much 
yellower tones. 

- ' w-'- , "' m 

Alcobolic solution' ■ Orange-brown' ' Orange ' 

:M0oho,iic bydrobroin.i'c acid - . . - ' ’ - Scarlet Brig,iit'. crimson ■ '■ 

Dilute sodium hydroxide ^ . Scarlet . Crimson-scarlet - - 

Alcoholic lerriC' chloride. .... '.Maroon' . Violet 

, ' ' The' :dye'iii,g^ .experiments- were’ carried". 'out^-' by .the processes'- whi'cli. 
were- adopted' with ./santalin-, a.nd,, isos'antalin.,,. ., 

[a) (6) (0) id) 

■Deoxys-ant-aJm. ',B.ed. „- .Difll bluish-. Dull crimson., ■ ■ .Bed ■ 

„ red'. ■ 

Deoxy-wosantalin Bale reddish- Red-puoe.- " . -Dull reddish- Bale dull red- , 
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As a result, it was found that although in general character tlie 
aiiades given by santalin and deoxysaiitaliii are^ similar, the latter 
is by fasr the better dye, possessing a stronger and brighter appear- 
ance. The difference between 4?osantalin and deoxyAS'osaiitaliii in 
this respect was not so marked, and, if anytliiiig, was in favour of 
the former. 

Axetyld4‘,oxymntal‘m was obtained as an almost colourless 
aiiiorplioiis powder, readily soluble in benzene. 

Found: C-G4‘43; H^ShO; 39*30. 

a 4 H 2 oO;(aHsO )4 requires C- 64*86; H-4*50; =-40*52 

per cent. 

Deoxysaiitaliii is thus isomeric with deoxy^sosaiitalin. 

The first isolation of a colouring matter from saiiderswood was 
carried out by Meier (/oc. cit,), who employed ether as a solvent, 
and describes this as red, microscopic prisms melting at 104 — 105®, 
but did not analyse his product, A repetition of Meier’s process 
failed to give the substance in a crystalline condition, as, indeed, 
Weyermaiiii and Hafiely (Joe, cit.) found, but the product was 
interesting ' in that it evidently consisted mainly of deoxysantalin, 
being bright red and giving no immediate precipitate with alcoholic; 
potassium acetate. This was not to- be wmnderecl at, as pure santalin 
is not soluble in pure ether. 

In the hope of obtaining the colouring matter in a ci'ystalline 
form, ’Wool was , dyed with sanderswood in the usual manner, and 
attempts were made to extract it by means of solvents from the 
fibre, but’ without success. Although- the exact reason for its iii- 
soliibility w’as not determined, it seems likely that it is there fixed, 
as an acid calc:iuni salt,, because only by steeping the dyed .material 
ill ,33 , per cent . hydrochloric acid overnight did it then dissolve in 
the usual way. ■ The material, subsequently well washed and dried, 
w-as, extracted with ether, and the fluorescent extract was evaporated 
to dryness and the residue washe.d first with benzene and then with 
water to remove- acid. It wms again extracted with ether, benzene 
added' tofthe extract,' and' the red flocks which se'parated on evapora- 
tion w^ere, washed with' benzene. ' The small amount of bright'' red 
pow^der ".thus , isolated had the properties of deoxysa.ntalin, and has 
hitherto failed to ■ yield crystals. A', metlioxy-deternimation ■ gave^ 
'GH3=-fi*'58 'per^ cent. It thixs' seems that, the dyeing property of 
'sanderswood; is: due rather -to 'the "deoxysantalin "than to-' santalin 
itself, and again, although sanders'w.ood is ''specially rich in. -colouring 
'' matter,' 'it isi astonishing- how- 'little, of.-tiii's' cO'mes "into play ,'in, the, 
/d'yeing process.-' '- 

Some }>roof of this was obtained by dyeing wool with 60 per cent. 
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ol' saiiderswooci, and at tlie end of tlie operation eiiiplojdiic; tlie 
residual wood twice for d3"eing i'resli material. Tlie first pattern 
possessed tlie usual colour, the second was pale pink, and the tliird, 
■was prac'tically iiiidyed, indicating that all the colouring matter 
soluble ill water had then been rsmo'ved. The niatteip horv- 

eve’ip now yielded to boiling alcohol 13*8 per cent, of extract com- 
pared with the 19*4 per cent, originally present, and this consisted 
of a dark red, resinous mass and contained iraich saiitaliii. Even, 
therefore, if it be presumed that all the soluble matter re- 
moved from the wood in the dye-bath is colouring matter, it is 
evident tliat the larger proportion present tliereiii, owing to its 
insoluble nature, remains undissolved and takes 110 part in this 
operation. 

YV'eidel (loc. c/f.), by removing the colouring matter from 
saiidersvvood with dilute alkali liydroxide, precipitating with acid,, 
and extracting the product with ethery isolated tvro crystalline com- 
pounds, namely, saiital, and a red substance, C14H12O4, 

very sparingly soluble in the ordinary solvents.. Experiments ■ to 
isolate these componiids by Weidel’s process have liitlier'to failed, 
altliougli, as shown later, they can be obtained- from barwood.'. As 
in ail}" case they are diflicuit to prepare, especially by his method, 
a 'definite' statement as to their non-existence in saiiderswood' cannot 
at present safely be made. 

On the other hand, saiiderswood contains, like camwood, a colour- 
less,' phe'iiolic substance not removed from ether by means of hydro- 
bromic acid, which does not appear to crystallise readily. 

Barwood. 

,■ A comp'-arison of the colouring matter of' this, -wood" with those 
of 'sandei'swood and camwood appeared,, to. be interesting, hut, owing 
to lack of opportiiiiity its examination in this respect coiikl not: be 
carried out at all completely, and, the extract from only '450 grams 
O'f.'the' wood, has as yet been employed. 

'The, G'lily .important work on this subject is that of ../Anderson. 
{Jmwm^./Vhem. Sor., 1876, iij "582),' which, curiously, ehough ha's ' 
been ignored in. the latet' literature''. ' .He obtained from: the. .wo'od' 
.'colourless,' crystalsj which' he. termed baphiiii,. and' from' this .product 
.by, means ', of alkali. ' solution ■ prepared'.....baphic."',acid,, soliib'I'e , in ,. this 
reagent, ' and .'baphini tin and ba-phinitone,.,. insoluble,' .all. 'of wh,ich' 
'w^ere alsomrystalline. , .According'"' tov-Eyan,', and Fitzgerald" XPfoc, 
,1'91'3,"'',30,,''' 10'6),'','-baphiniton©' is identical with 
.'homopterocarpin, and possesses the formula C17H10O4. ' Anderson 
alsO' ,. . consideredo'/'th©' ; wood /'tO'-hOutam ■ ^','toee,^'.c,ol'OU3:ing", 'matters,:.:: .one;':' 
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soluble ill etiier, a second soluble in alcoliol and iiisoiiible in etlier, 
and a tliird ¥\di.icli is crystalline. .■ 

Tlie alcoliolic extract of barwood was worked iiji in tiie same 
iiiaiiner as tliat of camwood and sanderswood, and a colouring 
matter corresponding with the santalin and dsosant-alin of the latter 
\¥as isolated. After treatment with pure ethyl acetate, it consisted 
of a cliocolate-recl poW'der iiidistinguishable in appearance from, 
santalin . The analysis of this substance a.iid of its potaesiirin salt 
gave the following result: 

Found: G = 65*8; 11 = 4*6; CHs = 7-43; K = 3*06. 

On lieatiiig, it commenced to soften at 240°, apparently decom- 
posing, and at 270° had the appearance of a honeycombed, carbon- 
aceous mass, a behaviour very similar to that given by santalin; 
its colour reactions, which were violet Vvith alcoholic ferric chloride, 
crimson -witli alcoliolic hydrobromic acid, and dull red with dilute 
sodium hydroxide solution, were the same as those given by this 
colouring matter. It thus appears extremely probable that this 
is identical with santalin. 

The ethereal liquid obtained during the isolation of this sub- 
stance, which corresponded with that termed B in connexion wdth 
camwood, was evaporated to dryness, the residue again dissolved 
in a little alcohol, and poured into ether. The solution decanted 
from a trace ' of resinous precipitate was washed once wnth water 
and treated drop by drop with fuming hydrobromic acid until all 
the colouring matter had been removed from the ether as hydro- 
bromide (C). After vrashiiig with water, the etlier, on evaporation' 
to, dryness, gave a.ir', almost colourless, crystalline residue.. This 
was ' digested with benzene to remove a trace of a substance 
resembling pterocarpdn,t' dissolved in hot alcohol, and the solution 
diiuted with a little -water. The large , leaflets which separateci on 
.■■ cooling and became opaque on drying, owing to loss, of water of 
crystallisation, were recrystallised from absolute alcohol. The yield 
was 0*7 gram. 

Found: ^C=:63-95; H = 4*20; GHg=5-04,. ,, 

' requires € = 64*0.; CH;^=o-0 per cent. , 

This, .compound" a.ppears' to 'be the santal' described by ■Weidel 
{loc, dt.) as 'e^xisting in sandersw^oodp he .assigned to ,it "tlielformula, 
■Gg,Hg 03 ,|-HoO, ■ and obtained 'from it. a dibrofflo-eomp.ound, 

■ * The, residue' obtamed^ by evaporating ■ the alcoholic extract, to' dryness, 
on,.s.oIiitioii*iii 75 .per cent." alcohol . gives ■ gradually a, 'considerable .deposit' 
of this product;.. ■ , ' ' ',■■'■ ' ' ? ' ■ 

''i" ,. Th©..:'CQinple,'t 0 removal ' .of this substance „■ from' the ''colouring, "matter , by., 
cither the lead acetate or baryta method of precipitation is difficult to ©:§6ot. 
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CsH 403 Br 2 . Weiclelj laowever, did not ascertain tBe presence of a 
iiietko'Xy-gTOiip, and its analysis in this respect indicates that it 
possesses the formula C.^HgO^O^GHs). Santa! melts at 222—223°, ' 
is readil}" soliihle in dilute alkali hydroxide, and sparingly so in 
absolute alcohol, from whicdi it crystallises in thin plates or fiat 
needles. With ' alcoholic ' lead acetate, it gives a colourless pre- 
cipitate, and v’ith alcoholic ferric chloride a violet-black colora- 
tion, altlioiigli this, according to Weidel, is dark red. On acetyl- 
ation, it gives a well-defined, crystalline acetyl derivative, and 
seems to be very similar to Anderson's baphic acid (loc. cit.). The 
hydriodic acid licjiiid from the Zeisel determination contained 
crystals,' and these, after removal ot the acid, separated from dilute 
alcohol in small, colourless, flat needles melting at 270 — 273°, 
apparently with decomposition. This new compound, for which 
the name sa^itol is proposed, would appear to possess the formula 
CjsHioOe, and this it is hoped to confirm at a later period. Its 
solution in dilute alkali hydroxide, at flrst almost colourless, rapidly 
develops a reddish-violet tint-, and the licjuid on acidification deposits 
yellow crystals. If the acid mixture is boiled, these become colour- 
less, apparently with regeneration of santol, for ■when collected 
and washed, the product can again be made to produce the ' same 
changes, Santol tlius' appears, to contain a lactone group. With 
lead' acetate, it gives a colourless precip.itate, a-nd wnth alcoholic 
ferric chloride a brownish-black coloration. 

, The hydrobroiiiic acid liquid (C) obtained during the isolation; of " 
saiital, decanted from any insoluble matter, was diluted with water, 
the precipitate .repeatedl}^ treated wnth water to decompose the 
hydrobromicle, and the product, when ■ dry, dissolved in ' a little- 
ethyl acetate, the solution being allowed' to evaporate spontaneously. 
After several days, minute specks were present in the viscous, fluid, , 
and this was now stirred with a mix-ture' of pure ether and ethyl 
acet-ate, the iiisoluble product, being ' collected and .washed with- 
ethyl acetate -. In order to -remove santal, which was .found, to be' 
'-present, "it was .digested- at. 'the' boiling point . for ,- one- hour, .with. - 
absolute .alcohol, '.-'-and' - the- glis-tening .mass' of,' bright- red crystals 
(0*4 gram) analysed., (Found: ■"C==:67*3-; H,=:4*8; CH^-= 9*77,--) 

, ' -This-,' had ,' . the 'reactions ' of ■ the ; compound ' ' ('C'=5= 68,,'*'8 ; 

, -H=4'*'9): described '|^y Weidel -'as ■.exi,sting.,--'in '.sandersw'ood2 but prob- 
,-abiy', contained,, still 'a little, 'santal,,., and this.- s-ee-med , certain by a 
-crys't-allisa.tion.-of' the- substan'ceffom alcohol,; when the 0*0756 gram 
--;thus.,-ob,t-aiiieci' gave the, higher ;; figures, '''C-'.^'.ST-SS; H=4*84 per cent, 
A .further purification has not- been. possible, but there can.-be-iitile'- 
"'-.-cloubt that this compound still retained santal, and that when com- 
pl:etel'y'/.;,free-d::from'':,::this,;--;,^^^ repreaenfe its 
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composition. On tlie other hand, the result of the Zeisel deter- 
riiiiiatioii indicates that Weidel’s formula can scarcely be correct, 
and that the true formula, based on his figures, would appear tube 
C22lii304(0-CH3)3 or C2.2liir04(0-CH3)3, the former of vdiich requires 
C = 69‘1 ; H = 5*06 ; 10*3 per cent. In case this is correct, this 

comp oil lid, "for which the name santalone is proposed, has the com- 
position of deoQyymntalin raonomethyl ether, and, indeed, its 
general properties are in harmony with this suggestion. 

Santalone is sparingly soluble in most solvents, and crystallises 
from alcohol in small, glistening red leaflets. It readily dissolves 
in alcoholic hydrobromic acid with a bright scarlet, in dilute alkalis 
with a fairly permanerit red, whereas alcoholic ferric chloride pro- 
duces a violet colour. Alcoholic potassium acetate' does not appear 
to cause the ■ separation of a potassi'um salt. When heated, the 
purest preparation obtained up to the present darkened about 280^' 
and melted at 300°. 

The hydriodic acid liquid from the Zeisel determinatioo. contained 
a blackish-green, hiietallic-lookiiig resin, which was soluble in alkali 
hydroxide with a violet colour, rapidly becoming brown in the air 
and closely' resembling' the product, given in the same way by 
deoxysantaliii. ■ 

■ Several' years ago Herz and Perkin (Thoipek Dictionary of 
Applied Chemistry,” 1913, Yol. lY., 629) isolated both these 
compounds from barwood by Yveidel’s method i.u very small amount', 
but ill order to obtain any quantity of this rare material, the 
process of' extracting large quantities of resinous colouring matter 
with . ether , for several days proved impracticable. On the other 
hand, the operatioii was not always successful, and this appeai-'ed 
to depend* o'li the alteration of the main bulk of the. constituents of 
the 'Wood soluble, in ether, other ■ tha,n ' santal and santalone, during 
the alkaline extractio.n into resinous 'products insoluble in this 
medium. 

The mother liquors 'from 'W-hich the santalone. had been isolated 
coiitaiiiecl a considerable amount of insoluble colouring matter 
resembling' ' deo'xysantaliii, which,' however, , was ' not' closely' 
'examined. 

Sum-mary of B emits, 

. The 'results of this iiivestig.ation indicate that the in ore , insoluble 
'Colouring matter , of: , camwo'od, here' 'tmmied ■ '. is most' 

simply expressed ' as CAH380'fi(0Me)2. . 'it ' 'is', isome'tic with' . the' 
santaliia of saiiderswood,. 'and, for 'this,, th e .earn e 'formula' is' therefore 
proposed in place of Cj4Hn04(0Me) suggested by Cain and 
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Simoiiseii . Aitlioiigli santaliii from saiiderswoocl ap]jears to^ be 
identical witli the colouring matter whicli can be siiiiilariy isolated 
from barwood, the -isosantaliii of camwood difers from both these 
in that it possesses not only a much higher decomposition point, 
but gives distinctly bluer shades on mordanted woollen clotli. 
isoSantaliii a.-iid saiitalin are respectively , aceoiiipaiiied in the dye- 
wmod lay tlie more readily soluble colouring matters deowi/isosantidifi 
and deox^/santalin, which again are isomeric, and for v/hicli the 
foniiiila C2.2Hjg05(0Me).2 or proposed. The con- 

nexion betaveen the saiitaliiis and deoxysaiitalins is at present un- 
certain, and the acetyl determinations do not favour the view 
which at first siig;gested itself, that the former diller froiii the latter 
ill possessing an additional hydroxyl group. There is some proba- 
bility that the deo.xy-compoiinds are converted by oxidation in 
alkaline solution into the santaliiis, but experiments on this point 
and oil their behaviour towards p'-benzociuiiione in alcoholic solu- 
tion have for the present been laid aside. None of these compounds 
has as yet been obtained in a definitely crystalline condition, and 
the opinion is expressed, at least as regards saiitalin, that if this 
is to' be' effected some special process, perhaps of the character by 
which crystalline luTeinatein is. prepared from logwood, will have 
to b© dev,ised, ■ Meier s santaliii (ioc. cit.), %vhich it is ■ suggested is 
rather ' cleo'xy saiitalin than Gain and Simonseii’s saiitalin, w’^as, 
described by this author as crystalline, and it is quite possible that, 
both deoxy- a,Bd cleoxyis'o-saiitalin, here obtained, contain still some 
i'iiipiirity ' which renders crystallisation more difficult. ' The 
'potassiiiiii salts of u-osantalin and santali.n possess the ' foriniila 
C-2H(5502.|E1 or C9eHg.7O3.2K, and this fact, coupled with the exceed- 
ingly small depression of the freezing 'point given by their 'acetyl 
compounds in naphthalene, indicates that either these colouring 
Biatte,rs possess a very high molecular weight or that this, depression 
is ab,iior,maI. The effect 'of other solvents ■ remains . to be ' investi- 
gated, but as Gain and Simonsen, employing phenol, obtained with 
santalin '■ a ' molecular weight of 25 .' 7 , the latter' suggestion wmiikl 
appear to be correct. ■ ■■ . 

■Santal and' . .. WeideTs ■ substance, 'Oi4H3_204 ' .'( 1 ), ' 'n.ow , termed 
have. been, found to exist, in;' barwood, and th.©' formulse' 
..considered' 'applicable to" these '.■■ compounds , are respectively 
Cj5H9C)5(OMe)',' and "C2gHi504.(0Me)'3,' the ' latter ,,.|3ei',ng .possibly , ■'.a ' 
mmiomethyl ■ether., .'These eompounds will be further : 
exanamed 'wheii opportunity.urises, ■and.,it, is po.ssibl6, that '. by their 
study 'some: clue : to '.the constitution of. .both.' santalin a,Ed wosaiitaliii 
.will', result.:' a,'.' Iff .'f'v'f" 
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Note on St. JohNs Wort. 

According to Keegan (Cheni. News, 1915, 111, 290), St. Joliii's 
vfort, H-t/jiericum pei'foratum, contains mucli flavone, wliicli seemed 
to be similar to gossypetin. Desiring a further supply of this 
colouring matter, previously only known to be present in quantity 
ill cotton flowers, the yellow colouring matter of St. John’s wort 
was submitted to examination. A concentrated alcoholic extract 
of the dried material was poured into water, the mixture shaken 
with ether to remove wax, etc., and the clear liquid digested at 
the boiling point with a little sulphuric acid. When cold, the pre- 
cipitate was collected, and in this condition dissolved in alkali with 
a green shade somewhat similar to that given by gossypetin. After 
removal of impurity by solution in ether, the yellow product ■ was 
crystallised from dilute alcohol, and on treatment with alkali hydr- 
oxide now gave a 'pure yello'W tint. The acetyl compound ■ melted 
at , 194 — 196°, and ■when mixed with acetyl quercetin did not depress 
the melting point of the latter. The benzoyl compound melted at 
185 — 186°, and this was identical with that of pentabenzoyl 
quercetin obtained by means of benzoic anhydride. The colouring 
matter of St, John’s wort consists, therefore, of quercetin,' and no 
go.ssypetiii is present. 

ClothworkersV Beseauch Labobatory, 

Dyeing Department, 

The Univebsity, Leeds. [Received, Jaiviiary 3rd, 1918.] 


xvir.—Sitic&s on the Walden Lwersion. Part VI. 
The Influence of the Solvent on the Sign of 
the Product in the Conversion of Phenylbromo- 
acetic Acid to Phenylaminoacetic Acid. 

By Geobge Sentee and Stanlet Hoewood Tuckee. 

Ik previoEs-^ers (Senter and Drew, T., ,1915, 107 , 638; 1916, 
109 , 1091) it was'"si;pwn that when the halogen atom in optically 
active phenylehloi'oacetic acid is displaced by the amino-group by 
the direct action of ammonia, the- .sign of the amino-acid depends 
on the nature of the solveut in which thss' rsaction occurs. lu 
water, the higher alijihatic alcohols, and benzonitrile, the resulting 
ammo-acid has the opposite sign to the chloro-acid taken, whereas 
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ill liquid ammonia^ acetonitrile, and the lower aliphatic alcohols, 
the aiiiino-acid has the same sign as the original chloro-acid. In 
all cases, the amino-acids obtained were coiisiderahiy less active 
than the optically pure acids, so that considerable raceinisatioii 
occurred during the displacement. In order to- throw further light 
on this question, _ a similar investigation has now been carried out 
■with phenylbrpmoacetic acid, and the results are described in the 
present paper. In addition to the amino-acid, imiiiocliplieiiyldi- 
a.cetic acid is also formed in all the solvents used. The reactions 
are as follows : 

Br‘CHPh-CO.pNH 4 -]-NH 3 NRpCHPh-CO^H-f NH,Br, 

2Br-CPIPh-C02*NH4 + NH3 

CO^H-CPIPh-NH-CHPh-CO.H-f / 

The method of experiment was similar to that used in the case 
of the chloro-acid (loc. cit.). In ail cases, i-phenylbromoacetic acid 
was used, and the reactions took place at the ordinary temperature. 
As' the amino-acid and imino-acid-from most of the solvents were 
opposite in sign, special care was taken, to ensure the purity of the 
products before their optical activity was determined. The rota- 
tory power of the products was measured wdth mercury green light 
(A = 5461), in most cases also with sodium light, and in some cases 
with the mercury violet (A = 4359). In' mimeroiis measurements 
with amino-acids of different degrees of activity, it has been' found 
that tii® ratio [a]jj : [a] 54 g 4 is 0*84. The observations, both with the 
amino-acid and imino-acid, were made in. A-hydrochloric acid 
solution. 

The ma/in results are given in .the accompanying table. 


Table I. 

Aetioti of Ammonia on l-Fh€nylhromoa€etic :A:eid.. 


. (Solvent. 
Liquid,. HHa',' ...... 

"‘Water ■ ., A,. 

C3H/OH (n) 

C3HVOH(mo) ... 


Value of 

Value of. 

W 5461 for 

W 549.1 

amino -acid 

.imino-acid 

formed. 

' fo’rmed. 


"■ '■ -f.ier.' 


' + 177'' 


. -f . 1.80", 

2 

-f . 120-5' ■' 



■ "■..■4-'3'2 ' 


+ 17-7 



','''d- 193 


4-^4701;. I '■ 
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Tile value of [«]□ for optically pure pheiiylamiiioacetio acid is 

±157-8'^ (Eisclier and Weichhold, Ber., 1908, 41, 1285), correspond- 
ing witli [alalsi ±187*8'^. 

Tlie ainiiio-acid from each experiment was separated in two crops 
(p, 146), which were examined separately as regards activity. The 
second miicli- smaller crop was in almost all cases the more active, 
corresponding witli the fact that the active acids are considerably 
more , readily soluble in water than the racemic. The numbers in 
the second column re|:)reseiit the mean activity of the whole crop 
of aiiiiiio-acid in each case, and as the latter could be isolated fairly 
coiiipleteiy from the products of reaction, they also represent with 
considerable accuracy the relative activities of the acids formed 
ill the different solvents. The yields of irnino-acid were in all cases 
smaller . than those of the amino-acid, but relatively greater than 
those obtained in the corresponding experiments with the chloro- 
acid. ■ 

The table shows that in all the solvents except water and aceto- 
nitrile, the sign of the amino-acid formed is opposite to that of the 
amino-acid taken. Further, considerable racemisatioii ' occurs in 
all the solvents used, more particularly in the lower' alcohols. The 
iiniiio-acid formed has, in every case the opposite sign' to that of the 
original 'bromo-acid. 

As interesting results were obtained as to the effect of amnioniiiin 
chloride- on the reaction with plieii 3 dcliloro acetic acid, the effect of 
aiiinioiiiiiiii bromide on the reaction nov/ under consideration was 
examined. In aqueous ammonia, the amino-acid from the solution 
coii'taining no ■ ammonium bromide gave [«],■ ■,4m+13P, whilst in an 
exactly corresponding experiment, except that the mixture ' con- 
ta'ined 2 grams of ammonium bromide in. 10 c.c., the ' value 
+122® was obtained for 'the amino-acid. This slight differ- 
ence is readily .accounted for by the greater amount of 'Wfishiiig 
■necessary in. the latter case to free the ai'nino-acid from, arnnionliini 
.bromide:. In exactly co.mparable. experiments in licfuid aminonia, 
the amino-acid from the solution containing no ammonium bromide 
gave — 38® ;...'that from the solution containing the salt was 

quite inactive, .. As ammonium, bromide, is one, of the products of 
reaction., it doubtless . causes some .racemisation. in certain solvents 
to' which it. is not originally .added. , Iiv the higher alcohols , and 
.acetonitrile, it separates in ’the solid '■ form as the reaction' proceeds, 
and therefore ■ cannot ■appreciably inffuenc'e ' 'the .activity ' of the 
aniiiio-acid formed,..' ' ■ 
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Discussion of Eesidis. 

, Aitiioiigli in many respects tlie results obtained witli plieii}-!- 
bromoacetic acid correspond witli tliose found for tiie diloro-acid 
(loc, cit.), tliere are" also important diiiereiices wbicli vdll un- 
doubtedly 'prove of great importance in elucidating tlie rnecliaiiism 
of tile reactions. The chief resemblances are that in both cases 
the aiTiino-acids obtained from water and the higher alcohols as 
solvents are opposite in sign; those from liquid ammonia and aceto- 
nitrile similar in sign to the original pheiiylhaiogen acid. Further, 
tlie effect of ammonium chloride and bromide respectively on the 
reactions in aqueous and in liquid ammonia is ‘similar in the two 
cases. The main difference is that with the lower aliphatic alcohols 
the amiiio-aeid from pheiiylbromoacetic acid is opposite in sign, 
from pheiiylcliloroacetic acid similar in sign, to the original phenyl- 
halogen acid. The quantitative results are shown in the acconi- 
p allying table. 

Table II. 

Solvent (alcohol) Ethyl. Propyl. f^Propyl. 

Amino-acid 'from Z-broiiio-aeid . -f 2 ° -f 2 ° 0-5“' h- '3*2® 

Amino-acid from c^chloro-acid -f -f- 10 ' -fpi 

.111 a further experiment, with Z-pheiiylchloroacetic acid in ethyl 
alcohol, the average activity of the resulting amino-acid w^as 
[«]54e.i which fully confirms -the earlier re,siilts'of Senter and 

Drew (foe eit.). The slightly hig.her -activity, in the fo-riner" case is 
doubtless -due to the Tourer temperature at which the' reaction took 
place. It may be added that not much confidence from a. qiiaiiti- 
tative point of view can be placed in the results with p-.heiiyichloro- 
acetic acid in methyl alenliol, as Giving to the' si,multaneous forma- 
tion of phenylmethoxy acetic acid -only .O.T gra.|n of phenyiamino- 
acetic. acid was obtained, and its activity, was doubtless .considerably- 
reduced' during washing with -water. -With the -other alcohols, good 
yields of amino-acid were obtained.' ' " ■ 

/.. The .results- are. probably to be accotinte-d. for on the' basis of the 
theory.' put forward in the succeeding., paper (Sen ter, Drew, ' and 
Martin; Zo-c. cit., p.-. 151 ),' that' the -'actio.n of ammonia ' ,011 halogen- 
substituted acids . proceeds ■■.by.' two - -simultaneous reactions, resulting,- 
ill ''-the, 'formation of ' d- and- ^-a-mmo-acids^ -respectively, and ' that /the 
relati.ve ' proportion of - the - amino-acids', 'formed -d-epen.ds' ■ on ■ the- -n.ature,, 
of - the- -halogeiio-acid',- of :,the- solvent, ; and- ' .of ' other factors^/. . In '-ih©;, 
.'lower ,-al'C,ohols>:- ...the ''.reaction -leading: ''^to -.-the formation'-of ■-. 'an - amino-'', 
acid of the same sign as that of the htalogexiQ-aoid predominates 
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sligiitly ill tlie case of the cliloro-aeid, whilst the other reaction 
predominates slightly in the case of the bronio-acid. in liquid 
aniiiioiiia, the relative rates of the two reactions are influenced con- 
sidarahly by the presence of animoniuni bromide. So fa,r, it is iiol.: 
possiljle to state with certainty ivhich of these reactions is iioriiic'l 
and which abnormal, but it is hoped that kinetic iirvestiigai-ioiis 
will throw light on these and other points. 

From the data in table I, it is evident that the aniiiio-acid froin 
the loiver alcohols is much more racemised than that from tlie 
higher alcohols. This eflect, ho^vever, is notr detern lined solely by 
the molecular weight of the alcohol, as the products from isomeric 
al-coliols (the tw’o propyl alcohols, also n-butyl alcohol and trirneth)?],'* 
carbinol) are not of ' the same activity. 

Iminodiphe/fiijldm-cetic Acid , — The isolation of this acid from tlie 
products of reaction is described in the experimental part', and it 
is there shown that the activity of the optically pure acid probably 
does not iiiiich exceed ±210°. As the table shows, the products 
from all the solvents are very active ; with the doubtful exception 
.of ^ the acid from' acetonitrile,' exceeds 120°. The iminO’-acids 
obtained by the action of ammonia on , the cAcliloro.-acid ('Sen ter 
and Diew, loc. -ett.) -wei^e also ' very active; in aqueous ' 'ammonia 
and amaionium chloride, -n-butyL alcohol 'and mlieptyl alcohol, the 
respective values for were 188°, 167°, and 162°' approxiim 

ately. ' 


It IS sliown la the succeeding paper that a corresponding imino- 
acicl, namely, a-imino./30-diphenyldipropionic acid, is obtained by 
the action of ammonia on a-bromo-^-phenylpropionic acid in all the 
solvents examined; in this case, however, the imino-acid ha.s the 

same Sign ,a'S the original bromo»acid. '■ 


' pointed'- out (Sen ter and Dr&w, loc. 'c'It, 

p. 109/) that imino-acids of this type might be formed by the reao 

atld f ammonia. with' two molecules of halogeno^ 

dcid (p. 141), or by the interaction of one molecule of haloffeno- 

acid and one molecule of amino-acid : 


BrCHPh-COsH + NHs-CHPh-COaH 

GdaH-CHPh-NH-CHPh-COaH. 

It the fact that a highly active imino-acid 

_ the same sign IS obtained from the same haWeno-acid in all 

amino-acid much 

data in tabic T (h f calculated from the 
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jiJjo'ut 85 per cent, of tlie d- and 15 per cejit. of tlie tlisf. 

from lic|riid aiiiiiionia 40 per cent, of tlie d~ and 60 per cent, of 
tiie l~fcrin. wiiereas from ootli solvents A-imino-acids of Mgli and 
practically ecjiial activity are obtained. It is well known tliat an 
optically active compound may react witk one stereoisorneride more 
rapidly than with the other (compare Marckvrald and Zvietli. Ber,^ 
1905 , 38 , 801 ; Marckwald and McKenzie, 7ic-r., 1899, 32 , 2130 ), 
but the differences are usually small, and the predominance' of one 
reaction, which the explanation now under consideration would 
imply, is so great as to be highly improbable. This question cannot 
easily be examined experimentally on account of the diffrciilty 'of 
iinding a suitable solvent for the amino-acid, but the following 
observation lends some support to the view that the amino-acid is 

■ ■not an intermediate compound in the formation of the iniino-acid. 

■z’-Phenylaminoacetio acid and Z-pIienylcHoroacetic acid, along with 
trietliylainine (which dissolves the former acid only to a small 
extent), were kept at the ordinary temperature for one hundred and 
Jive days, Ko iiiiino-acid could be isolated from the products, and 
apparently no reaction had taken place. - The conclusion that the 
imiiio-acid is formed by the- interaction of two molecules of broiiio- 
acid .and ammonia therefore appears most in liarinony' with the ■, 
exp erimentar results. , , ' ■ 

It remains , to account for the fact' that whereas Z-phenylbromo-- 
acetic /acid' yields a ^f-imino-acid, f-benzyibromoacetic acid yields an 

■ f-imino-acid. As the twm Z-bromo-acids are piAb ably of the ; same 
configuration, this result implies either that the- two '/-imino-acids 
differ in . configuration or that a Walden inv'ersion occurs in the^ 

.'forma-tioii of O'lie of the imino-acids. Although the latter explana- 
tion is the more probable, the former cannot be ruled out, since 
both for amino-acids, and imino-acids the magnitude and even the 
sign of the rotation are do-ubtless. complicated by internal salt- 
.formatioii, .hydration, and .other factors.- The effect ■■of change' of. 
temperature and addition of electrolytes on .the optical activity of 
."tlie 'tivo imino-acids would throw light on the question of ■ their 
relative, configuration (compare Clough, T.,. -1 9 15, 107,. 1517),".. 

^ Kx.FEB.I'M.E'nT.AL.' 

. 'f-Phenylbromoacetic 'acid '.was, „,reso.ived: with, morphine .according 
■fto McKenzie' and .Wa'lkef's' 'method '.'.'.(T'., '-19.15', ' 107,' 1685). ■' ' The. 

' pure ■ ?-acid ;■ melted " 'at.: '8 7 — 88'° ' .and ' gave. ■ '— 1 78 ’ 5 "in '. eX'Celleii t ' 

agree.me,nt .with the results of these authors. The method of ex- 
■'/perimeiit was similar to that used in the case of the cMoro-acid, 
except that the time of reaction was considerably shorter, in. accord- 
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aiico wifcli tile greater reactivity of the brosno-J'.icijl (Steiief ;Uhl 

Tucker, T., 191(k 109, 690). 

Tiie inetlKHi of isolating the [)roduGts already ghani (Seiii.ci' jiiui 
Drew, loc. dt., p. 1098) requires amplification in view of the iaci 
that* the separation of the iniino-acid was not described, riie earlier 
account is applicable up to the stage at which the iirst crop of 
amino-acid has been isolated, and the acidified solution, contaiiiiiig 
any remaining amino-acid and the other ■ products of reaction, lias 
been extracted several times with ether to remove any iinchaiiged 
bromo-acid and any non-basic acids (hydroxy-acid, alkyloxy-anid) 
formed during the reaction. To the aqueous acid solution, which 
contains the iniino-acid and any remaining amino-acid a.s hydro- 
chlorides, the washings of the first crop of amino^acid are added, the 
whole is evaporated to dryness to remove excess of hydrochloric 
acid, the residue dissolved in aqueous ammonia, and the solution 
evaporated to the stage at which the stirred mass becomes p^asty 
and remains faintl 3 r alkaline. In this way, by decomposition of its 
ammonium salt, the amino-acid is separated in the solid form, and 
the soluble ' ammonium salt of the imino-acid remains iindecoin- 
posed. To the alkaline product cold water is added and the mix- 
ture filtered; the residue, after washing wdth cold water, constitutea 
the second crop of amino-acid. To the filtrate hydrochloric ' acid 
is added until the solution is acid to Congo-red; on keeping, ' the 
imino-acid ' separates in clusters of long needles. If the solution is 
kept faintly acid, the imino-acid can be separated, practically com- 
pletely; the final solution has a slight activity of the same sign 
as the amino-acid, due to a' trace of the latter which' is present on 
account of its sparing solubility in water. 

As already indicated, the method of ■ separating the ainino-acld 
and imino-acid depends ob’ the .fact that the unstable aiiiiiioiiiuin 

salt of the former is decomposed on heating in soliitioii, the amino 

acid separating, whilst the ammonium , salt of the imino-acid , "is 
stable when heated, even in neutral solution, but d,eco:mposes when 
heated in the dry state at , 100."^. That the separation . was effective 
was proved in various ways, most convincingly by an 'experiinent in 
which' some imino-acid was added to 0‘2 gram of the f-amiiio-acid 
and the separation'' carried, o^t in the usual way. .The' anii:n',o-acitl 
.obtained' proved to. be quite ''inactive,, whilst the , imino-acid sliov/ed, 
itsiull .activity. 

' The purity of the a.mino"-acid was 'checked in all cases by 'a deter- 
mination .'uf 'fits .equivalent by conversion of -, a , k.nowii „ w.eight into/., 
the hydrochloride,, and also '..in. some cases .b'y^ determ, iiiation' of. the 
.nitrogen by the' .'absolute' method, .'As .in all cases results 'praetko' 
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rP.v ick-i-tical witli tile calculated values v^ere obtained, it a,p|:>ears 
a.:mti.*e:'S£:i V to qiicste tlieixi in detail. 

The activit}^ botli of tlie arnino- and iniino-acids was measured 
in 0‘984il— bydrocliloric acid in a 2-dcm. tube at tlie ordinary 
temperature . For tlie first crops of amino-acidj tlie solutions con- 
tained 1 gram in 100 c.c. of solution (c — I'O), whilst usually tlie 
whole of the small second crop was used in inahiiig up 10 c.c. of 
solution fox activity nieasurements. 

In order to obtain approximately pure rZ-imino-acid, the products 
from, several experiments were recrystallised fro-ii iT -hydrochloric 
acid. In one experiment, the third recrystallisation raised the 
rotation from 196° to 200°; in a second experiment, the final 

crop gave [a]54ei -t* 209°, The process could not be carried further 
owing to v/aiit of material, but it is probable that the value of 
[®]546i optically pure acid does not much exceed 210°. 

Water. 

A solution of, 0*5 gram of the' Z-bromo-acid in 10 c.c. of aqueous 
ammonia (35 per cent. NHg) was kept at 18° for eight .days. The^ 
first crop of arnino-acid^ (OT'8 gram) had M54S1 +89°; 

the second crop was so small that the. activity could not be measurecL 
The" imiiio-acid (0*015 gram), c = 0*113, had '-h 0*40, 

W 5461' +177°*. 

In two .'parallel experiments to cletenniiie the effect of amino'nium 
bro,inide on the reaction, sohitions of 0*5 gram of the Z-broino-acid 
ill 10 c.c. of aqueous ammonia (35' per cent. NH^), and in one case 
2 grams of ammoniii'm bromide, ivere kept for nine days at 10°.. 
The solutions remained clear throughout. ' From ' the . solutio'u con- 
taining ammo, Ilium bromide, the amino-acid (0*17 gram) gave. 
°*54.6i, + M54{3 i that from the' otlier solution (0*14 

gram) gave a, 2 - 62 °, [alyai + 131 °. 


Liquid ±^7nmo7hia. 

.A 'solution of '0*5 gram of „■ the . ■Z-brom,o-acid in 10 c.c-, of, liquid 
am''monia,pkept in 'a sea,led tube at 15° for eight days, gave as , '.first, 
crop'. O'* 20' .'gram of , a.niino-acid,.. -'.0*76°, '[a]5.4en' *“-'3.8°,, .. and . '' a 
very smaih second' crop.',''. The -'imino-acid, (0'*0'3 gram), 6’ = 0,*28,.',.had,' 
^54(51 +0',* 90, [a]54.0i' ,+ 161,°v ■’■Iii..a,n exacfc.iy corresponding :exp.'6ri-. 
ment, except that the solution contained ''also, '2: .grams. 'of . ammonium 
broinide,' and ' was ke-pt" for' thi'rteen. .'days, /the 'first,, crop of, amino-acid,"'. 
(O' 2.'64 '■ ,,g.'r,ain,)' :, an.d, 'also. ' , the; .small. .■s.ec.ond. ■ crop. " ivere', .■inactiv.e; ■„ '.iThB'. 
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(0‘00S6 grain : gave for c = 0‘033 %iui L^'J54 gi 4 

IS'S^. .As, owing to the large amount of aiiimoiiium brornide in 
tiie second enTjeriineiit., reiieated vrasliing of the .first crop ol ammo- 
acid was necessary for purification, it cannot be afiiriiied that 
racsiaisation was cuite complete, but in sny case the aetivity oi 
the aiiiiiio-seid loriaed in these cireuin stances must he entremeiy 

Jlfflit/l Alcohol, 

A scludoii o..( 0*75 gram of the l-bromo-acid in 15 c.e. of methyl 
aieclioi saturated with dry ammonia, kept for fifteen days at lo"', 
gave ii first crop of arnino-acid (0*12 gram) with a54,,;i p 0*04°, 
[air..,- -f 2°, and a second crop (0*013 gram) wdiich was quite 
inactive. The imino-acid (0*0025 gram) gave for c = 0*025 
Al, 0*09°, [a]:k-rlS0h 

In an exactly corresponding experiment, except that the solvent 
veas partly saturated with ammonia (3 c.c. of the solvent saturated 
vvitli aiiimonia were added to 12 c.c. free from ammonia) and the 
solution kept for eighteen dax's at 15°; the first crop of amino-acid 
(0*077 gram) was inactive, the second crop (0*027 gram) gav'e for 
c=' 0*265 -p0'06, -t-lp.' The imino-acid (0*025 gr&.m) 

gaveucor c = 0*245 m 0*94°, 

The small yields of amino-acid are due to the simultaneous 
formation of plienxdmethoxyacetic acid and (in the second eiiperi- 
liieiit) to the fact tliet the reaction was incomplete. 

Efhi/l Alcohol. 

xi solution. o.f 0*75 'gram of the Z-bromo-acid in 15 c.c. of the 
solvent: saturated xvith 'dry aininoni'a, kept for fifteen clays at 15° 
gave , a first crop of amino-acid (0-*275 gram) haxdng w 0*04°, 
[®].54ei "T 2°, and a second crop (0*02 grain) which was inactive. , The. 
iiiiiiio-aeid (0*081 gram) srave for . c = 0*224 allgi "!- 0*54°, 
[a|L,-rl20*5° , " " ' ’'V 

III 'a second e^xactly ■ corresponding experiment, except that the 
solution was kept at 0° for ten days and at 20° for txvo clays, the 
first crop of amino-acid (0*30' gram) gave -f 0*06°, [ajsiei 
the second crop (0*012 gram) gave, no' ■measurable ' rotation. * -The 
iiiiino-acid (0*028 gram), c — 0*155, gave 0.541^1 0*34°, [ajsiGi' +2.'0'9° 

.The, fi'Itrate, after separation 'of'the- i.mino.-acid, in the ' first , ex- 
periment had ' a , S'light negative- .rotation, and in the second experi- 
ment was iiia.,ctive,: whereas in' all other solvents the final filtrate had 
a slight activity corresponding-'''in '■sign,''.with. the .'amino-acid.-,- -'..No, 
satisfactory explaiia'tion'.of’this result' has been found. 'It is poss'ible 
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that in etliyl alcoliol traces of a l^vorotatorj compound are formed 
ill siicli aiiioiiiit as to compensate., or in some cases over-compeiisatej 
tlie slight activity clue to the- amino-acid always present in traces 
ill tlie niial nitrate. 


ii~Frox^yl Alcohol. 

A soliitdon of O' 75 gram of tlie '/-bromo-acid in 15 c.c. of the 
solvent, saturated witli ammonia at 0^ and kept at 15° for fifteen 
clays, gave a first crop of amino-acid (0*24 gram) of -f 0"09, 
H 5461 4-4:* 6°, and a second crop (0*007 gram), wMcli for c = 0*07 
gave -f 0*05°, Wsigi "t ^^*7°. The iniino-acid (0*087 gram) 
gave for c = 0-2 -r0-75° [a] 54 oi +187-5°. 


isoPro'pyl Alcoliol. 

A, solution of 0*75 gram of tlie Z-bromo-acid in 15 c.c, of tlie 
solvent saturated witli ammonia and kept for sixteen days at 15°' 
gave a first crop of amino-acid (0*29 gram) of -|-0'05°, 
W 5461 +2*5°, and a second crop, wliicli for c = 0*127 gave 
® 546 i 4- W 5461 -rl9*7°. The iniino-acid (0*081 gram) gave Tor 
c = 0-17 ££5461 +0-59° [a]gi6, +173-5°. 

n-Biityl Alcoliol. 

A ' Solution of 0’ 75' gram of the Z-bromo-acid in’ 15 c.c. of the 
solvent, (b. p. 117°), satimated with ammonia and ' kept for twelve 
days at 15°, gave a first crop of amiiiO'-acid (0*22 gram) ' of 
^5461. 4” 0-25°, [allLz 4-12*5°, and a second crop, (0*009 gram) gave 
fo'i’ 6 = 0*09 a 54 g 4 4-0*18°, M54gi4-147°. The iniino-acid (0*1 gTam, 
m. p. 208° decoinp.) gave for c==0*17 aScji 4-0*70°, [ajKfa 4-206°. 
The readings for the first and 'third croiis were repeated, after a 
lapse of three months p' the values found -were. 4 - 0*24°, and ■ 4 -' 0 '' 68 ° 
respectively, so that the activity of both acids remains practica'lly 
unaltered by keeping, in iY“hydrochloric acid, solution . 

Trimcthplcarhinol. . ■ ' 

'■, ' A "' solution; of , 0 *'75 , gram, -'of-'; the ■'Z-bromo-acid in 15 c.c.'. of the 
, solvent saturated with ammonia -at 0°, and kept for 'twenty-live 'days: 
':at"'15° gave';, a, 'first crop of - am'ino-aci'd '(O*;!? gram) 'O'f';%46i''4';0'‘;08'° 
''[®j 54 ' 6 i '+'4°, '' and ■ ay'second 'Crop ' (0*0275' 'gram),; 'which,; for,:', c :==^„0*'2:75',. 
gave.; '4« ',4-'''0'‘74'°,.'.,.[a]^^^^^ I34*5°,-- ".'^..Th© imino-acid .;;(0*12 ' gram—' 

, 'th'e Iarg.est pro'po.rtio». , iii 'any,'' s’olvent) ■ gave lor ' 'C “ O'* I'S"; ■ .+;.0*'5S'°^ " 
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li-Hepti/l Alcohol. 

A solution Oi G*75 gram of the .Abroirso-aeid in 15 c.e. of solvent 
(b. p. 174 — 176^) saturated at 0'^ wit-li ammonia and kept for sixty- 
t'Wo days at 15“ gave a first crop of amino-acid (O' 12 gram) of 
<^ 5431 [^]5461 and a second crop (0'0173 gram), 

wMcli for c = 0*17S gave -^O'oo", -r 159®. Tlie imino- 

acid (O' 05 8 gram) gave for c — 0*165 -rO'oS®, [a] 54 g;i A 170®. 

AeetonifrJe. 

0*75 Grain of tiie /-bromo-acid v;as dissolved in 15 c.c. of tlie 
solvent and ammonia passed in at 0®. A v^Iiite, flocciilent pre- 
cipitate appeared almost immediately, and -wiieii tlie solution was 
satiiratedj the tube contained a voluminous, white paste which, on 
keeping in the ic'3-chest overnight, set to a Jelly. It was kept at 
55® for a few days, but on showing no change it wa.s kept at the 
ordinary temperature for a further ninety days. Gradually the 
Jelly gave place to a white, fioeciilent precipitate contained in a 
mobile liquid (compare Seiiter and .Dre-w, loc, cit.. p. 1101). The 
first crop of amino-acid (0*375 gram) separated from this precipitate 
in the ordinary vray, gave "-0*71®, [a] 54 ,>,| —35*5®. , The second 
crop (0*044 gram) gave for c = 0*432 %i6i M 5401 

The imino-acid (0*012 gram), w’hich separated in small, cubical 
crystals, unlike the clusters of needles obtained from all other 
solvents, gave for c = 0*12 -r0*16®, [ajrici 4 - 66*7®, and was' 

probably contaminated with some f-phenylamiiioacetic acid. 


Si^/rmarp, 

(1) The airiiiio-aeid obtained by the action of aimnonia on optic- 
ally active plienylbromoacetic acid in different solvents is opposite 
in' sign to the bronio-acid when 'water and. certain alcohols are used, 
but similar in sign to the bromo-acid when liquid aniiiioiiia and 
a.cetoiiitrile are employed as solvents. 

. (2) The amino-acid from the lower aliphatic alcohols as solvents 
is more racemised thaii tliat from the higher alcohols. 

, (3) The preseiice'of . amiiioiiiuni bromide .has little effect on the 
activity of the amino-acid from .aqueous ammonia; it haS'. a great 
'raeemising effect' "when the 'reaction is' carried out, .in liq'uicl 
ammonia; 

(4)' Iminodipheiiyidiacet-ic acid is formed in smali quaiitity in .all 
the ' 'Salveuts used yin. all cases it ''is highly ".active and of .op'po'site 
sign' to the' original bromo-acid;.. . . ■. * ' ' 
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(5) Tile meclianisin of tlie formation of tlie imino-acid is 
discussed. 

We desire to tliaiik the Govermnent Grant Coiiiiiiittee of tlie 
Royal Society for a grant wliicli lias defrayed tlie expenses of tMs 
investigation . 

Chemistry DEp-iytiTMEXT, 
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XVI IL — St-udies on the IValden Inversion. Part VII, 
The Pijhience of the Solvent on the Sign of the 
P-fvduct in the Conversion of a-Bromo-0-phenyl- 
2n^o2no7iic Acid to a-Ammo-^-phenylpi^opionic 
Ackl {Phenylcdcmme). hninodip}ied%yldi2:)ropionw 
Ackh 

By George Senter, Harry Duoalb Keith Brew^, and; „ 
Gerald Hargrave Martin. 

In previous papers (Seiiter and Drew, T., 1915, 107, 638; 1916, 
109, 1091 ; Senter and Tucker, tliis voL, 140) it has been 
shown that when the halogen . atom' in phenylchloro- and phenyl- 
bromo-acetic acid is displaced by the aniino-groiip by the direct 
action of aininonia, the optical sign - of the resulting' amino- acid 
depends on the nature of the solvent in which the reaction occurs, 
111 the case. of the: bromo-acid (Senter and Tucker, loe. dt.), the 
amino-acid obtained from liquid ammonia and ’ from . acetonitrile 
has the same sign as the bromo-aci'd taken,' whereas from the ' other 
solvents- an amino-acid of the opposite sign . to the original bromo- 
;-acid is produced^ ' , - 

/■■In both the acids referre-d to- -the phenyl group is directly attached 
to'the asymmetric carbon 'atom,, and in order to-: find how, the' results, 
-.-.woiilcl' ' be. affected by a phenyl ' group' -further .from the '"point,, at- 
which '. substituti'oii occurs, a 'similar investigation, has ,- now. -been 
,, ^carried ', out - with ' a-broino-^-phenylpropionic- acid ""('b-enzylbromo- 
'- acetic :'a.cid), 'CgH 5 -'GH 2 ,--eHBr*-COgH.,-' and'' .the , results, are ' described.'- 
' in the "present paper. ' , 

■ The -' .acid;. 'W-as' resolved by a slight- '.'inodiff cation of the method 
,d€scribed by Fischer and Carl {Ber.^ 1906, 39, 4000); the most 
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a:etive specimens gave for the value —10' 2°, as compaied \^itb 
[cl® - S' 3^, the highest value obtained by Fischer and Carl. Most 
of the ineasiiremeiits were made with two preparations of the ?-acid 
of activity [c]j‘ -S'8- and -10'2- respectively; in a few cases, a 
destrorotatory acid of lovrer ? 4 .ctivity was used. 

The niaiii reaction between aminoiiia and the aiiinioiiiiuii, salt of 
the bromo-acid proceeds according to the equation 

GH.Pli-CHBi-COwNH,-f NHg — > 

GH.2Fn<lH(Nll2:)<:02H + NIi4Br, 

blit ill ail the 'solvents a certain proportion of cinnamic acid, 
CIIPh:CII-C 02 H, is formed by eliininatioii of hydrogen bromide. 
Fiirtlier, an iiniiio-acid, which is shoivn to be aAminO'j^^-di'phefi'yl- 
dipropmdc acid, CH 2 Ph-CH(C 02 H)*NH*CH(C 02 H)-CH 2 Ph, was 
isolated from the' products of reaction in all the solvents' used. 
This imino-acid, which has' not hitherto been described, may be. 
regarded as being formed bir the interactio'n of two iiioleciiles of the 
ainmoiiiiiiii salt and one molecule -o-f ammonia, according to the 
equation 

2CH.PlrCHBr-CarNH4-rXH3 ' 

ClH2ph<lH(C02H)*NH-CH(C0.2H)-CH2Ph-^ 

The 'inethoci used in isolating the amino-acid in a pure condition, 
and the identification and properties of the imino-acid, are fully 
described in the experimental portion -of the paper. The reactio'ii 
in all cases took place at the o-rdinary temperature, and as 'the 
lialoge'ii' in this case . is much- less reactive than in phenylbromo- 
acetic acid (compare Senter . '.and Martin, T., 1917,- 111, 447), the. 
reacting .subs tan ce-s were kept in se^aied tubes for two or three 
'weeks ill' the .ease of liquid and aqueous, ammonia and acetonitrile, 
and for some iiiontlis in the case of the alcohols, in .order to ensure 
that the cha..iiges ivere practically co.mplete. 

- The optical . activity of' the ' products ' was , determined for' the, 
mercury green ,(,.\=5461) as well as for sodium light. . The ineasiire- 
inents.with phenylalanine were made in aqueous solution, the 'con- 
centration hi' all cases except ■ one , (product from beiizonitrik,', 
G.“d}*646} being about! per cent, (c— .PO).,. The measurements with 
'the , imino-acid, 'Oil account, of' its 'very ' sparing solubility in water 
-and in dilute hydrochloric acid '(p.,' 162),. were, made in l'082'X,iV/20-, 
sO'diiiiii hy-dro'xide. Owing to the .'Sinall yields of the imino-acid' 
from 'Certain solvents, very dilute solutions had in 'some 'Cases t-o' be. 
used for the 'activity .measuremeiits,'- and 'it was "therefo-re:' not con-.' 
,V'eiiie'iifc to ' make'- lip the 'solutions to the sam.e coiieentratio,ii, . a-s in 
the' case O'i' the. amino-acid. The mai.n ' results' o'f.' thC'' inves'tigatioh,'' 
a're.sii.mroarised in table I.. ' ' . 
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Table I. 



A'alue of 

Value oi 




[^Id' for 

for 




bronio - 

phen^d- 

'Value of [aja^Gi 

Solvent. 

acid used. 

alanine. 

for imino-aci'd 

Water {35 per 





cent. KTI 3 )' ... 

- S-S^ 

2 (>= 

- 34“^ 

(0 -- 0-292') 

Water -f 

-- S'vS 

L 27 



Liquid am-rnonia 

— 8-8 

d -10 




- 10-2 

_i_7 



Liquid ATri.ii.-i.oiiia \ 

_ 8 -S 

-L 25 



-f NH,,Br f 

10-2 

-- 30 



CH3*CN 

■™ s-s 

4- 9 



, 

-i- 5-8 

8 

-’r- 11 

(c I-IO) 

CeH-CN 

-r 6-2 

7 



CH.rOH ■ 

- S-S 

4- 23 

- 34 

(0 - 0-219) 



r- 8-8 

4- 25 

-- 85 

(c -- 0-542) 

CqHl’OH (n) ... 

™ 8 -S 

4 24 

^ 34 

(c = 0-591) 

c;h,*oh. («) ... 

-- 8-8 

4 iO 

-- 33 

(c --- 0-458) 

(CHsLCHlH ... 

- 8-8 

4- 22 

- 28 

(c'---- 0-90'9) 

CsH'-CHaOH... 

4- 6-2 

practically 

- 30 

(€ - 0-188) 



inactive. 




Tlie value for pure J-plxenylaLaniiie in 2*03 per cent, aqueous 
solution is + (Fisclier and Mouneyrat, Bei\, 1900, SS, 2383). 

Altliougli, owing to its solubility in water, tlie aroiiio-acid cannot 
be isolated quantitatively from- tlie products of reaction, there' is 
no doubt that the niiinhers given in the table represent fairly 
accurately the relative activities of the products from the different 
solvents. , As the solubility of- the inactive acid is considerably less 
than that of the active acid.(p. 159), -a greater proportion of the 
latter will, as a rule, be removed during the washing of, the pro- 
ducts 'with water, and therefore the numbers .in .the table must be 
rather lower than , those for the amino-acid formed. The . yields of 
phenylalanine from 'the' solutions in benzdnitrile and I'li benzyl 
alcohol are so small (0*07 and 0*0-6 gram respectively) that not 
much confidence can be- plae-ed in the results from a quantitative 
point of view, as the active acid would be' largely removed during 
washing, with water. 

,Fischer and 'Carl, {loc, dt.)^ 'by. the action of, aqueous ,a'ram,oiiia:, 
','on a' broino-acid of activity [a]|^,' — ■8*-3, obtained phe'nylalanine'with 
,{a]§^ +',31*78^. 'The ,■ slightly; ''hig'her-' value as compared .with -,- ours '' 
'is--pxO'babiy,to' be, accounted 'for' partly ,.'by a- difference in 'the amount^, 
of washing' and partly , by ''the , 'fact ".that -they carried out ', the, ''early 
',stages' of,' the reaction at. 'a^ very '"'loW' 'tein'perature'. ,- ' 

:,T.he , formation .-of ';an ,. imino-acid '. in ■ 'the- -reaction -. was . overlooked' 
'by -' Fischer ',"and' Carl, ,v,:', '"' 
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Dwctissian of Eesult^\ 

Tlie liiaiii result of tliB iiivestigatioii, so far as ilie foriiiatioa oi 
aitiiiio-acid is coiicerned, is tliat v/itii all tlie tea solvents used tlie 
araiiio-acicl obtained has the same sign, opposite to that of the 
bromo-acid taken. Further, except in the case^ of solutions in 
liquid aniinoiiia, acetonitrile, and beiizomtnle, the displacement of 
hromiiie by NH.2 takes place witliont marked raceiiiisatioii ; for 
reasons already given, the raceniisatioii is even less than appears 
from the nniiifiers in the table. The ehect of aniiiioiiinm bromide 
(about 4 grams in 15 c.c.) on the reaction iras exa-iiiiiied, with 
remarkable results. Whereas this salt lias practically no iiifiiieiice 
on the activity of the amino-acid obtained from aqueous aiiiinonia, 
it greatly diminishes the raceniisatioii of the product from liquid 
ammonia (p. 160). 

It is instructive to compare these results with those obtained 
with phenylbroiiioacetic acid, as the two acids differ mainly ' as 
regards the relative position of the phenyl group with reference to 
the asyiiiiBetric carbon atom (or to the bromine atom). With 
pheiiylbromoacetic ' acid, . racemiaation was ' pronounced in all 
solvents; the amino-acid from liquid ammonia and from acetonitrile 
had the same sign as the original bromo-acid, whereas in all other 
solvents it had the opposite sign; finally, whereas ammonium 
bromide had little effect on the activity of the airiino-acid from 
aqueous ammonia, it produced complete racemisatioii as regards the 
amino-aeid from liquid ammonia. At first sight there does not 
seem to be much resemblance in the behaviour of the two acids 
towards ammonia, but a’ little consideration puts the' matter in a 
different aspect. ■ The most significant fact appears to be , that the 
phenjialaiiiiie from liquid ammonia and from acetonitrile' is race- 
mised to a greater extent than that from other solvents, and it is 
Just in those two solvents that' the action of ammonia on phenyl- 
bronioacetic acid' yields an amino-acid opposite in sign to that 
obtained 'from all the other solvents. This is most readily 'accounted 
for, on the , assumption that, as compared with .other solvents, these 
two, solvents favour the f ormation of . an amino-acid ,o£ the same 
''sign as the original .brom'o-acid, but whereas ' with /-a~bromo-^- 
pheiiyipropio'iiic .acid the result is the formation of a considerable 
proportion of both ' r/- and 'f-phenylalanine,, the . product' a's"a whole 
being dextrorotatory, with f-phenylbromoacetic acid the "tendency 
to the formation of : the Z-amino-acid' is, so' much' gTeater that the 
'. product as a, whole is lavorotatorj." ' 

The remarkable effect of ■am.monium bromide bn .the two reactions 
';in„ Hqiii'd' amm,onia can be represented on similar lines; 'The assump-:' 
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tioii in tills case is tliat the salt favours the production of an amino- 
acid having the opposite sign to that of the original bromo-acid. 
In the ease of l-a-bronio-^-phenylpropiomc acidj the result is a 
dimmiition in the racemisation of the resulting cZ-phenyl alanine, 
whilst with hplieiiylbromoacetic acid, the resuiting aiiiino-acid is 
practically inactive as compared with the formation of a Isvorota- 
tory acid in the absence of the salt. It appears jiistiSable, there- 
fore, to' draw tlie conclusion that the same solvents produce similar 
effects, of different magnitudes, on the action of ariimoiiia on the 
active phen^dbromoacetic and phenyibrornopropionic acids. This 
conclusion receives strong support from the fact, established in a 
recent paper (Seiiter and Martin, T., 1917, 111, 447), that there is 
a close analogy in the action of water on the two acicls and on their 
sodium salts. 

The same considerations apply to the results with the different 
alcohols as solvents. The tendency to the formation of an amino- 
acid of the same sign as that of the original bromo-acid is so much 
greater in the case of phenylbromoacetic acid that whereas the 
.^-phenylalanine from Z-bromo-^-phenylpropionic acid is scarcely 
raceinised, the aiiiino-acid froim ^phenylbromoacetic acid, although 
dextrorotatory, is in most cases only slightly active. In the same' 
circimstances, f-piieiiylchloroacetic acid yields an amino-acid which 
is slightly Isevorotatorj. ■ 

These results are perhaps best accounted for on the hypothesis 
that the action of ammonia on the halogen-substituted acids pro- 
ceeds as two simultaneous reactions, giving rise to d- and Z-amino- 
acids respectively ; for example, 

<f'-phenyIainiuoacetic acid 

f-phenylbromoacetic acid 

^-phenylaminoaoetic acid, 

and that one or the other action predominates, depending on the 
nature of the halogen acid, the nature of the solvent, ah other 
conditions. The nature of these reactions will be discussed when 

fuller experimental data are available- 

The investigations of Franklin and Eraus (J. Amer. Ghem. Soo., 
1905, 27, 191) furnish an interesting analogy to the slight in- 
fluence of ammonium haloids on the effect of aqueous ammonia as 
compared _with Hquid ammonia in the reactions just discussed. 
Both liquid ammonia and aqueous ammonia react with mercuric 
uMoride as ioliowsr , , 

In liquid amn^nia^ the of ammonium 
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cliloride prevents tlie formation of tlie'. amixioiiO"]:)asic sait- 
(MH 2 *HgCi), whilst in aqueous ammonia a large excess of ammoiiiiiin 
cliloride is necessary to ensure a pure precipitate of tlie eorapoiiTid 
HgCl2,2NH3. 

The above considerations throw ■ some light on the qiie3ti(3ii oi 
the occurrence of racemisation in reactions involving displacement 
of groups, a subject about which very little is known. This type 
of racemisation is quite distinct from catalytic raceiiiisatioii ; for 
example, the coiiversion of active to inactive iiiaiidelic acid by heat- 
iiig -with alkali. Catalytic racemisation has in some cases Ifcrti 
satisfactorily accounted for on the basis of the formation of inter-’ 
mediate compounds not containing an asymmetric carbon aUjin 
(compare Werner, “ Stereochemie,’^ p. 52; Lowry, Eep. Brit. 
i904; McKenzie and. Widdmvs, T,, 1915, 107, 704), and an ex- 
planation on similar lines may be found applicable' in some cases of 
displacement racemisation. The results described in this paper, 
however, make it probable that the racemisation accomp'aiiying ’ the 
displacement of the halogen atom in the phenylhalogeiiace tic, acids 
is due to the occurrence of two simultaneous reactions, resulting in 
the formation of d~ and . Z-ammo*acids respectively, and this' ex- 
planation will probably be found applicable to other -examples of 
displacement racemisation. 

With the further data now available, the- iiitercoiiversion of the 
halogen and amino-derivatives of the two acids in c|iiestioi:i can be 
sninmarisecl , a,s follow^s (compare Fischer and Carl, loe, cit.;. 
k McKenzie and Clough, T., 1909, 95, 777; Fraiiklaiid, T., 19i:], 
103,731): ' ' , ' 

d-Flienylakiiine 

■ d~a-bromo-^?^pl-ienylpropionic acid Lp'lieny!aiani,rvn 

d-Plienylgly.eine' 

Z-phenvlchloroacetic acid 

twiiieouB NH-j 71, . , 

..a-pheiiyiglycinc. 

These results are very puzzling, and there appears to be little 
advantage in discussing them more fully until further information 
as to the mechanism of the reactions involved has-been obtained. 
These investigations are now in progress. 

It may be mentioned that Werner, in the course of his investiga- 
™ cobalt compounds (Awnaien, 1912, 386, 

01 ), has found that the displacement of a halogen atom in the 
inner sphere by^ the NHg-group takes place more often abnormally 
f.haii normally (that is, a «Vconipound is usually obtained from a 



STirjjDISS OK THIS WA-LDISK IKYESSIOK, PAST VII. 157 


trails-., a/ad vice versa), and tills is tlie case botli liqiiirl 

am/soonia and aqueous ainiaonia as snbstituiiBg agents. 

A.i:id , — In tlie case of tlie 
(?q 3 lieJiyllialc>g€aioacatic acids (Senter and Dre'w, /oc. cit.; Seiiter and 
Tiickeiy loc. cit.)^ it' was sliovvii that tlie action of amnioiiia in all 
tlie 'solvents examined produced an imiiio-acid wliicli was dextro" 
rotatory in iY-liydrocliIoric acid solution. Tlie iiiiiiio-acid iproduced 
by tlie a^ctioii of aiiimonia on ^a-broBiO“i3-'plien,ylpropionic acid in 
ail tile solvents examined is laevorotatory in .¥/ 20-sodium liydroxide 
solution. The latter irniiio-acid is not sufficiently soluble in 
iYdijrdrocliloric acid to be exairriiied in this solvent, but plieiiylimiiio- 
acetic acid was shown to be dextrorotatory in both -hydrochloric 
acid and #/20~sodium hydroxide; thus, a specimen having 
Msiii +190^^ in iT-hydrocliloric acid (c — O'lS) gave -fl67® in 

r‘C)82ffi/20~sodiii!xi li 3 'droxide (c = 0*09). The nature of the solvent 
is therefore without inhuence on the sign of the restilting imiiio- 
acid in the case of the two acids in question. The theoretical bear- 
ing of these results is briefly' discussed in the preceding paper 
(Senter and Tucker, this voL, p. 145). 

It is clear from, the graphic formula ■ of a-iniiiid-^/3-diplienyMi- 
propioiiic acid (p. 152) tliat optical inactivity may be due either 
'to the prese,iice of equal amounts of the bf- aiicl Z-acid or to internal 
compeiisatioii. The fact that' the' melting point of the partly active 
imino-aoid is close to and a few degrees below that of the inactive 
acid obtai.iied' from r~a“brom.o-/3-phenyl propionic acid would,, accord 
with the' view that the latter acid is the ■ racemic form, but this 
argument is, of course, not conclusive. 


Ex FEBIMnK.TAL, 

■ Mesoh/rtion of T-a-Bronio-p-phen^lpro^nonictAM ' 

;/'■ The pure r-acid was’ prepared byV Fischer method' (compare 
'Senter and 'Martin, T,, 1917, 111, 447)', and, was .resolved with" 
brucine by a modificatio'n of the method' of, Fischer and .Carl ■" 
"cfA),; which consisted in redissolving ’ 'the precipitated, brucine "salt,' 
at'''''theordinary'' temperature, in '’a' mixture of alcohol and' water (in 
..whicli'it IS' 'more readily soluble^ thankin' either of the pure solvente)' 
instead of in /alcohol ; at 25,®, (Fischer' and;. Carl), ' The, details of 'om'' 
'experiment are^a'S ..follows. , Thirty "'grams of.the r-bromo-acid were 
dissolved ill 150 c.c. 'of alcohol, and. '51 -''5 ' grams, of. anhydrous brucine 
ad.ded, with shaking, at 16®. . The solutioxi was filtered, and 900 o.o., 
ol water were added, with atihring. An oil was deposited, which 
tolidii^d; ';af ter 'tay,enty-f ou^ ,:'houm’ ; ■.■'■■The .'solid,.: .after: ■, liaing:. :'bol!ec 5 ted'„v 
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and driedj weighed 53 grams. It was redissolved in a liiixtiim oi 
250 c.c. of alcohol and 50 c.c. of water, and the solution |)oiired 
in. to 1600 c.c. of w^ater. The dried salt finally obtained weighed 
26 grams. The acid prepared from it by decomposing with dilute 
hydrochloric acid and extracting with ether had a-jf -- 13’06° lor 
? = corresponding with -8*80, and contained the theoretical 
proportion of bromine. The acid obtained from, the fi.,rst mother 
liquor was a yellow oil, wrhich gradually deposited a little of tlie 
solid r-acid. The remainder gave for aJf-i-8‘54^, l~i. 

In another experiment, in which the brucine salt was tliree times 
crystallised, the acid gave —19*14® and — lor L 

The density of the liquid "was found to be 1*487 at 17® and 1*4/9 
at 25®; hence [ajglw is —12*9® and [a]» —10*2®. In order to obtain 
a comparison with Fischer^s measurements at 20®, the €,ffect o,t 
change of temperature on the rotation of another specimen was 
determined, with the following results ; aJJilJ —16*92®, a®,,! —17*52®, 
aS “-14*28®, afso -14*86® for ^ — 1. The rotation of .a-bromo-0- 
phenylpropionic acid therefore increases niarked„iy with rise of 
temperature. The value of {a]^^ for our most active ap-ecimen at 
20® was ■ therefore about —10*4®, as compared with —8*3® for the 
purest acid of Fischer and Carl. Even after prolonged keeping' in 
a vacuum, our acid could not be obtained in the solid' form, ' so it'.^ 
was probably not quite optically pure. 

If etliod of Ef^)erini€trt. 

The method of experiment was sifnilar to that, already e.ni ployed 
■in the case of pheii 3 dchloroacetic acid (T., 1916, 109, 1098). About; 
1 gram, of the hromo-acid was dissolved in about 15 c.c. of 1}h,e' 
solvent, the solution saturated . with dry ammonia, sealed up in ,a 
Jena-glass, tube, and left at the. ordinary, temperature' 'until the 
change was assumed to be complete. The solvent and exceBs of 
ammonia were then evaporated oi! at as low a teinperatnr© as 
possible (ill some cases under diminished pressure), the residue 
dissolved, in water, made acid to Congo-red by addition of hydro- 
chloric or hydrobromic acid, and the precipitate, consisting of the 
bulk, of ' the 'imino-acid and cinnamic acid, collected' and washed, 
with , cold water, 'From the precipitate, the pure imino-acid , was 
isolatod by, extracting the cmnamic acid with ether. 

The slightly acid, aqueous filtrate containing tho" , amino-acid, any 
unchanged brozno-acid, any hydroxy-acid , or, alkyloxy-acid formed 
in .the course, of ' the reaction, together' with traces of iminO'-acid and' 
'cinhaniic ■ ; acid., ., was, repeatedly, extracted with ether, whereby a^ll 
but the ainino-acid''Und remaining imino-acid were removed. Thi) 
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amino-acid was tlieii freed from iiiiiixo-acicl and from aiiimoiiiiiiii 
cMoride and bromide by -evaporating tlie solution to drynesSj dis- 
solving ill aqueous amin.onia, again evaporating to dryness, and 
finally treating wiili small quantities of cold water iiiitil tbe filtrate 
was free from, halogen salts. In this way,, any reiiiaiiiing imiiio- 
acid was removed, since its ammonium hydrogen salt is stable and 
soluble ill cold water. 

The purity of the amino-acid was checked by -determining its 
equivalent as hydrochloride, as described for phenyl aminoace tic 
acid, and as in all cases practically theoretical results were obtained,, 
it is unnecessary to quote the actual figures. In some cases the 
proportion of nitrogen was estimated by -combustion. 

As regards the di,f!ereiit solvents, the results obtained with liquid 
ammonia, aqueous ammonia, and acetonitrile are of fiindaiiieiital 
irnpo-rtance for the ' question of the replacement of halogen atoms 
by the amino-group', and the details of the ex,periiTients are there-- 
fore brie-lly summarised. As the remaining solvents, comprising , a 
iiumbe-r of -alcohols, all give very si.milar results, it seems unneces- 
sary to describe the experiments in -detail. 

Aqiieous A rnmorda. 

The velocity of reaction between inactive ■ a-broiiio-jS-ph-enyl- 
propionic acid and aqueous ammonia (35 per cent. NHj^) was deter- 
mined approximately at 25^. ' From a solution ■ containing 1-22 
grams of the acid in 50 c.c." of the solution, about half the bromine 
was -displaced in 'twenty-four hours. In a corresponding experi- 
nuent with ethyl alcohol saturated with ammonia at '25®, about half 
the bromine was displaced in fourteen days. ' 

In a preliminary e-xperimeiit, in which '3 grams, of the r-acid in 
20 c.c. of aqueous ammonia (35 per cent. ' Nlh^) was kept for seven 
-days at 25®, 11 grains of pure r-phenylalanine , and 01 gram of, the 
imiiio-acid were obtai'ued. The saturated solution, of r-phenylalaniiie 
ill water at 12® contains 1*24 grams in .100 c.c, of solution, ■ about - 
half .that given by Fischer and Moune-yrat..(/oc. ciL'). for the -pure 
active forms. , , , 

--^,A solution of 1*02 grams ,of ./-a-bro.mo-^-phe'nylpropionic -acid , ia , ■ 
22 c.c. of aqueous, ammonia -(35 per cent.--, .NHg), kep-t for - forty-two 
'days 'at ' the ordinary te-mperature, ,gav-e ..0*45, , gram of '' aini,no-aGid,' " 
[ajx) + 24®, (m. p. 2o8— 259® decomp.-p- rapid", heating).,-' ,,',In 'another ' 
experiment, 0*77 gram '- of the -''-Z-bromo-acid- '■m,,,,,--dilute-,',aqu6ous,- 
ammonia, , (4, „ per, cent.,,- NH^), -kept., for tw'enty-one days',' at ' the--'- 
ordmary-.'.temperature^ yielded only 0*09 gram of amino-acid, 
[aju +17®. From the ethereal, solution (compare the method of 
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experiment), crystals were obtained whicli, after rec^yst.:!.yJ's^’:il/i':i^:^^ 
from benzene, melted at 123 — 125^ and gave in etiiyl alcolio! 
[aJaSS, “-21*5^, 0*373. The substance is evidently ivea^rly pure 

l-a-liydroxy-^-plieiiylpropionic acid, formed by tbe (ictioii of: water 
mi til© ammonium salt of tlie bromo'-acid; It has bee;!! siiow:i:! l::jiy 
McKenzie and Wren (T., 1910, 97, 1355) that 
propionic acid gives a iiydroxy-acid of tlie same sign wlieii acted on, 
by water, by aqueous sodium liydroxkle, by water and calc,Tii:m 
carbonate, and by water and silver oxide. 

Tile effect of aminoniuiii bromide on the activity of tlie resulting 
pli©,nyiaiaiiine was determined as follows. A solution of 1‘02 g:rariis 
of the i?-broiiio-acid, [aj'S-S'S®, and 4 grams of bro:.mid,e. 

in 22 c.c. of aqueous ammonia (35 per cent. NIiL^) was .kept for 
eleven days at the ordinary temperature. The yield of phenyl- 
' alanin©' was 0"27 gram o,f [aji;-f27^, which is practically the sa.rr.ie 
as that obtained in the absence of ammonium, bromide. 


Liquid Ammonia. 

A' solution of 0*53 gram of the Z-bromo-acid, [ajt in 16 c.c, 

of liquid ammonia, kept for fourteen days, gave 0*17 gram of a:mi:r,s.o- 
acid, [a]|f -}- 0*85 Gram of the Z-broino-aeid, [a]}; arnl 

4 grams of ammonium bromide, dissolved in 13 c.c. of lic|md 
ammonia and. kept for fourteen days, gave 0*1 gram of 
amino-acid, [a]}J + 24*5'^. It appears from tliese data that 
in' the presence of ammonium bromide the resulting phenyl-' 
alanine is racemised to a much smaller extent t.ha;ti in the absence 
of the salt. In ' order to 'place - this, important resit! tv beyond 
. doubt, tw^o exactly parallel experiments were 'Carried out, as 'follows.' 
Two. tubes, .each contaiumg gram of - tlie' '/4:);roTr,K)»acich 

[a]iJ —10*2^^, in" 13 , c.c. 'Of liquid .'ammonia, ' 'and one' co:i:itai:r,iifig 
4 grams of ammonium’ bromide 'in. addition, were kept, f o,'r - :fou:rteeB 
days. The'amriioiiia was then' allowed' to evap)orate/-tho'’,:residiie i.ii 
each case dissolved in '’water ’and -made up to 50 'c.c.pand, I'g’rams,' of 
'ammonium bromide-' w-ere added '"to the. 'solutio’ii whicli' did , ’iiot 
■ already ’-contain the salt. .The amino-acid was then isolated in t-'he 
..usual - way. From the solution '’Origiiially " containing amHioiiiuin' 
'.broini-de, the yield 'of amino-acid was ' 0*12 gram, , ' , 

the,,' corresponding solution’ witho'ut ammonium" bromide the yield 
, of ■ amino-acid, was 0T4 grana,. [a] that the previous result 
.'Was fully confirmed. ' 
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Acetonitrile^ 

A solution. o,f TOS grams of tlie Z-bromo-acid, [cc]'^p —S'S^, in 15 c.c. 
of acetonitrile was saturated witli dry aiiimonia at 9'^^ wliereby tlie 
volume increased by 1’2 c.c. The solution at first was clear, but a 
precipitate consisting of the aiximonium salts of the amino- acid^ the 
imiiio-acid, and ciiiiiainic acid .soon began to form. After twe,iity- 
foiir days, the precipitate was collected, a.iid the aniiiio-acid obtained 
as usual, the yield being 0’2 gram, [a]},^-f 9*^. The imiiio-ackl was 
accidentally lost. 

A second experiment with a less active bromo-acid ([a].!? + 
in more concentrated solution (3 ‘9 grams in 17 c.c. of solvent), kept 
for twenty-one clays, gave 0*35 grain of (recrystallised) phenyl- 
alanine, [a]o —8^, and 0*57 gram of imiiio-acid (compare the section 
on the imi no-acid). It appears therefore that, as would be antici- 
pated,, the more concentrated the solution of bromo-acid the greater 
is the yield of imino-acid. 

The Alcohols. 

As the reaction in these/ solvents- is very slow, the solutions were 
kept for 280—300 days before separating the products. In each 
case, 0*7 — 0*8 gram of active bromo-acid was used, and the yield of 
amino-acid (except .with .benzyl alcohol) varied from' 0*15—0*25 ' 
gram. With methyl alcohol, the solutions remained clear through- 
out, showing that' the amino-acid and imino-acid (or their 
ammonium salts) are soluble in this '.solvent. With the other 
alcohols, except benzyl alcohol, a small amount of precipitate 
formed after a time. The absence of- a precipitate in the benzyl 
alcohol solution is probably due to the slow rate of reaction, i,n. this 
solve-iit, as only 0*06 gram, of amino-acid and 0'()2 gram, of imino-' 
acid' were obtained, although ' the mixture was kept for 309 days. 
The relative activities of the' ami-no-acids from the .different solvents 
are .-given in the table. The properties of the partly active imino-, 
acids, -obtained ' from' the-s.e solvents are ..brieffy- dealt with' -in ,the' 
next' section. 

'As' this ', acid' has , -not' been .previously'-, obtaine-d, ■ it is .d-esirable -.to'' 
de,s-cribe:.:.its' '.-'p'.roper ties', in ,-s,o-me- -detail, - - 'Earlier' -experiments-',- h-avia'g'-,': 
shown that a good yield of the imino-acid was obtained from aceto- 
"nitrile, 8*4 grams of the r-bromo-acid were dissolved in 20 c.c, of 
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this sol veil t-j tlie soliition. being saturated witli dry aranionia a:ri(l 
kept for tweiity-eigiit days. The precipitate was then coliectecl^ 
washed with etlierj and the inactive imino-acid se^pa, rated as already 
described (p,. 158). After crystallisation from a mixture of acetone 
and watei's in wliicli it is very sparingly soluble^ the compound 
forms stellar aggregates of elongated leaflets or needles iiieltiiig 
and decomposing at 262 — 264^, with previous discoloration and 
shrinkage at 235^. Before analysis, it was dried .for some .hours 
at 100° : 

0’2588 gave 0*6545 CO 2 , a^^d 0*1447 HoO. C=dl9‘0; ,,i:f = 6'27. 

0*5561 „ 21*1 c.c. 1^.2 (moist) at 18° and 771 non. IS[='~4*5. 

CigHi,P 4 N requires -C^ 69*0; H-6-1; N=-4*5 per cent. 

aJ/mmoS^-diplienylcUp^^^ acid is very sparingly soluble • in 

water, practically i.nsoliible in dilute or concentrated hydrochloric 
acid, but readily soluble in dilute alkali hydroxide solution. This 
show^s that, as would be anticipated, it is an extremely weak base, 
whereas its acidic character is fairly pronounced. An, attempt to 
determine its equivalent by evaporating with hydrochloric acid 
gave an unsatisfactory result, as the hygroscopic hydrochloride 
decoiiiposed on drying at 100°. Further, no definite results for the 
equivalent were obtained by titration, using plienolplithaleiii as 
indicator, or by evaporating, wdtli ammonia., in an attempt to pre- 
pare a pure amnioiiiiim salt. Evidence was obtained in some of 
the experiments with acetonitrile as to -the dibasic character of the 
acid, since the solid irnino-acid compound which separates from this 
solvent during the reaction, on treatment with water in the cold, 
gives off ammonia, forming an ammonium' salt (the hydrogen 
ammoniiini salt) soluble in water. 

The amount of active imino-acid obtained from most of the 
solvents was very small, on' the average 0*05 gram (fro:m triinethyi- 
carbinol, 0*1 gTam), but the ' rotation ■ measurerne'.nt8 were (::|iiite 
definite. The various "'specimens ' decomposed 'o'u heating to 
';245— 251°.' ' ■ " 

Summary. 

''■(1) The amino-acid, obtained by the action of a,m3nom,a on optic- 
ally 'active, a-bromo-^-phenylpropionic acid, in,' different solvents has 
in all cases the same sign, opposite 'to that of .the origi'iial..broiiio- 
acid',.' 

, ',(2) The' amino-acid, from .liquid '.ammonia and acetonitrile, ,d,s 
','more'ra'cem,ised than that from .other 'solvents, 

(3) The presence of ammonium .hromide h.as.,' little c'ffec^ on the 
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cici,.-ivity of the product from aqueous aniinoiiia; it greatly diiuiiiislies 
the racemisation when the rea..ction is carried out in liquid arriMionia. 

( 4 ) a-Iisiiiio-i3/3-diplienyldipropionic acid was isolated from the 
products of reaction in all solvents used, and its properties were 
investigated; the sign was in all cases the same as that of the 
original broiiio-acid, 

(5) The' mechanism of displacement racemisation is disciissecL 

I, 

111 conclusion, we desire to thank 'the Government Grant Com- 
iiiittee of the Royal Society for a grant which has defrayed the 
expenses of this investigation. • 

Chemistry Department, 

Birkbeok College, 

London, 'E.C. {Received ^ February Uh^ 1918.] 


XIX. — The Action of Aniline on Carbon 
Tetrachloride. 

By Ernst Johannes Hartung. 


The action of aniline on carbon tetrachloride was studied long ago 
by Hofmann {Proc. ^oy. Soc,, 1858, 9, 284). He found that no 
action was apparent at the ordinary temperature, but that, on 
heating 3 volumes of aniline with 1 volume of carbon tetrachloride 
in a sealed tube for thirty hours at 170^ — 180®, a soft, black mass 
was obtained, from which he .prepared pararosaniline and a 
new base, diphenylaminobenzamidine • (carbotriphenyltriamine),' 
Cj. 9 H|, 7 Ng. "He also obtained the hydrochloride ' of this , substance, 
but did not pursue Ms researches ' .further. Weith (B^n, ' 1877, 
10 ,' 358) many years afterwards attacked the problem 'of the struc- 
ture of the base. He prepared it by Hofmann’s, methq^d, .and 
succeeded in showing 1879., 12, 101),,, that the constitution 

could be represented as , 


c,Hhn:c< 




Hater ' syntheses: ,';of ' ' diphenylaminobenzamidine (Michler'' and 
Walder," jBcr., 1881, ;14, 2174) 'confirmed' , the constitution'' t^ 
established.' ■ The base is ■ a ■■ product of ''the ' condensation .of ' anilin#' 
' with ',:n'arb,on, tetrachloride, ■:ih 0 ' latter :'sup,plying the'; central,', carbon^ 
'''atom. It is interesting in that the chlorine atoms of the tetra- 
',cMoride''have -been: disp'l'aced'in','thre6.„diierent..'Ways :■ ^ 'two chlorine 
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jitoiris liave reacted witl! the two arninic hydrogen atoiTi;-; iii .one 
aniline ■ molecule, another ha.s reacted Avith, one [iniiiiic liydrogen 
atom in- a second aniline iiiolecaile, and the fourth halogen atom 

has reacted with one of -the ring hydrogen atoms in the p'a,ra 

position. 

The present paper is the outcome of some experiments on t'iw3 
reaction in the presence of a catalyst. During the course of certain 
other work, it was noticed that a mixture of pure aniline and |)iire 
carbon tetrachloride, colourless at first, rapidly darkened at the 
laboratory teinperature wdien in eontjiet with . a co|:p:>er-Aiierciiry 
couple, ultimately becoming almost- solid. As tlie reaction 
appeared to- be far more rapid than that studied by llofinann, it 
was of interest to- discover whether the same products were formed. 
With this end in view, mixtures of aniline and carbon tetra- 
chloride were allow^ed to react under varying conditions, and the 
main products were investigated. 

Experimental, 

lUixture 1. — A mixture of 3 molecular proportions of pure 
aniline and 1 molecular proportion of pure carbon tetrachloride 
was placed in contact with a copper-mercury couple and allowed 
to remain in a closed vessel until solid; this required three days 
at the ordinary temperature. Repeated extraction of lire resulting 
black, oily substance with hot water showed that much of the 
original mixture was -still unchanged. A tenacious lilack t-ar 
remained which solidified, 'on cooling, to. a .brittle, shi:ni.n.g 'solid. 

The brownish-red filtrate; was boiled, until all oclo-iir^ of aniline 
had disappeared, decolorised with animal charcoal, and set aside 
to crystallise. The crystals were- purified by repeated crystallisa.- 
-tion from '.water, and were- the-n obtained quite, clean and. white, 
melting' at 279*^ (29P corr.). This melting poi.:nt agrees with 
of the ' diphenylaininobenzamidine ' ■ liydrochlo',ride obtal'iied, ' hy 
Weith, , The presence of ionisable chlorine was shown by - |„)rn- 
cipitation, with silver nitrate ; 'the- base itself 'was prepared b'y''tlie 
action ol dilute - sodium . hydroxide solution on the-- salt , -and. re- 
peated crystallisation - of the -product' from alcohol 'It foiuned soft,- 
creamy-white needles- , melting' at 197^ (203'^ corr.). . (Fou'ncl : 
;,G''==,;'.79^I0; II - - requires 'G'=:-79’40' *- ,H~-5'“97' 'per 

-cent..).' The : substance was' ■ thus . undoubtedly . diphenylaminobeiiz-" 
■arnidine.'- - 

■..The black, solid - separated 'earlier'"waB siispended 'in water, and 
distilled "in a- current of -steam, ' '-The -dis-t-illate had a,'' st'ro.'iig -odour 
of ‘ phenylcarbyiamine and deposited orange, crystalliu©' scales. 
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These, after separation and piiriiicatio-nj were siiown to be azo- 
benzene by their meitiiig point, reactions^ and quantitative 
analysis. A few drops of plienylcarbyl amine were^ separated froiii 
the filtrate 'by extraction with ether. 

Mixture 2.— This mixture was the same in composition as the 
previous one, and was heated at 80 — 90° with the copper-mercury 
couple under a reflux condenser for fifty minutes, v/lien the mass 
'had the appearance of moist black sand. Repeated extraction with 
hot water left only a sniail amount of dark, sooty material behind. 
The brown -filtrate contained some aniline and azobeiizene, and 
was boiled, until these were removed. On crystallisation, miicli 
diphenylaininobenzamicline hydrochloride was again obtained. 
The red mother liquor, containing undoubtedly some pararosaniline 
hydrochloride, was evaporated, but the red colour was gradually 
destroyed, and only a further amount of the salt previously 
obtained and some aniline hydrochloride were found. 

It was noticed that the diphenylarninobenzaiiiidiiie salt obtained 
from this mixture had a persistent pale yellow colour, in spite of 
attempts to remove it by means of animal charcoal. Further, the 
corresponding salt from Mixture 1, which was pure white, became 
yellow on firm rubbing against the side of the porcelain dish with, 
a glass rod,: but ultimately became white again after some days. 
These changes could be induced Tepeatedly, so that apparently two 
modifications of the salt exist. ■ On determining the melting point, 
therjubstance turns yellow at about 230°, and this colour increases 
until melting at. 279° (291° corr.) takes. place to a red liquid with 
partial deconi position. 

Mixiure 3. — This was a, mixture of about equal parts of aniline 
and car'boii tetrachloride, part of which was the middle fraction 
in the 'se;paratioii o'f the two- liquids by I laictioiial distillation. It 
was allowed to remain for several months without heating and in 
the absence of the -catalj^st. At intervals of, n, few weeks, the 
crystals -which had formed in the dark brow.n' liquid were collected,, 
and the filtrate' was returned to. the bottle,. In each case,, the,, sub-, 
sta'nca obtained , was treated as- follows: The felted,, hair-like ■ mass , 
wa's . pre$se.d in , absorbent papexq extracted with water, ,aiid -'the 
extract allowed to crystallise. ’Whe-n crystals appeared, "they were, 
purified '-and identified as, diphenyl aminohen.zamicline hydrochloride. 
Th.© ■ insoluble -residue was'-'crystallised. repeatedly - -.from .alcohol ''and,', 
o'btained' ill pure .white '.needles melting-,at ;,238° (246,°" -corr '..The 
substance ,■ contained '. no' chlorine '-.-'.and -"form,ed '.no ,. salts.' (Fo-und, : "■ 
'Crr.'73A6;:.,',''H'''==fi'.^04- ■ -',]Sr.=:=13*3. OigHi 2 ,QN 2 , - requires' ','C'=.7',3‘6,;'-' 
,,H'= 5*7',,; 'H = 13*2 ' per ,C'ent.),' -- 'The' 'solubi,Kty, and ', gen.eral ,„'r'elati.o-ns, 
indicated,.'s-diphenylcaAamide» 
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An interesting point noticed was that for some weeks after the 
reaction in. the mixture had been proceeding, the separated sub- 
stance contained scarcely any diphenylaminobeiizamidine salt, but 
consisted almost entirely of the carbamide. After several months, 
however, the separated solid contained little of the carbamide and 
consisted mostly of the salt, showing that the latter • forms only 
slowly. The formation of diplienylcarbaiiiide is interesting; prob- 
ably a dichloro-componnd, CCl 2 (NHPh) 2 , is formed first, which is 
then hydrolysed by water, either present originally in the mixtux’e 
or entering subsequently from the air. That the water was pre- 
sent' at the beginning is indicated by the gradual falling off in the 
production of the substance as the experiment was prolonged. 

Mixture 4. — This was a mixture containing a very large excess 
of carbon tetrachloride; it consisted of the first fraction in the 
separation of carbon tetrachloride and aniline by fractional dis- 
tillation, to which a small amount of aniline had been added. * On 
keeping in a closed bottle, it gradually became brown, and, after 
two months, deposited a mass of crystals, some having a deep blue 
colour. No catalyst was added. 

The separated substance ' proved to be a complex mixture of 
several different compounds. After many trials, the following 
scheme of separation was adopted: The w^hole mass, weighing about 
5 grams, was extracted repeatedly with light petroleum in a Soxhlet 
apparatus ' for several hours. The brown extract gave on evapora- 
tion a few milligrams of dark solid which, when crystallised from 
carbon tetrachloride, appeared in very small, reddish-brown prisms 
melting' at 237®. (245® corr.). It was insoluble in water, dilute 
acids, or alkalis, and could not be identified, ■ The substance in the 
Soxhlet tube. was. extracted rep.eately with '. ether, leaving b6hi,ii(l 
a 'dark blue .residue. The ethereal ex,tract' was , found to contain 
diphenylcarbamide, .which was separated -.and purified. The blue 
residue contained at least two substances, and many solvents were 
tried w.ithout' any 'success in separating them.' ThiS' was finally.' 
..accomplished', by .fractional sublimation' -.under (lmu.nislied pressure. 
'l\Iuch'.,' aniline hydrochloride sublimed,, leaving a few - milligrams of 
d 'ark blue solid behind. . : 

■' The blue substance .contained carbon, hydrogen, .nitrogen,' .'and 
chlorine; it dissolved in water, alcohols, and o-ther solvents, giving 
-deep 'blue'. -solutions... .With sodium 'hydroxide,.. it .gave a pink solu- 
, tion,.' ‘the - .colour .rapidly disappearing ', on boiling. '.This . 'would 
indicate'- .possibly . a basic dye. Direct-;. dyeings on silk, ' WO'dl,"'. 'and 
eotton . were '.'made.' ■ .On 'silk,. the 'colour .was, a deep - purple ".blue, 

- -scarcely ;,,a,ffected'' by. exposure to' 'sunlight or'.'by- washing, in. -weak 
acids or alkalis. On wool, .the- .dyeings 'were, deeiy'':; grey. 'bluea/;'fast 
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to light j and resisted hoiling in soapy water fairly well. Tlie 
results' on. cotton were poor, even with mordants. Attempts to 
identify the dye were not successful, and no iiivestigatio-n of the 
constitution could be undertaken on account of the very smali 
amount available. 

A s.mall quantity of azobenzene was obtained from tlie mother 
liquors of Mixture 4 after removal of the crystals wliicli had 
formed. 

, The results of the investigation may be summarised as follows : 
Previous observations by Hofmann and others have shown that 
carbon tetrachloride and aniline react slovdy together at 180® 
giving diphenyl amiiiobenzamidine and pararosaniliiie. It is now 
found that this action takes place^ very slowly at the ordinary 
temperature, the products varying with the original mixture and 
the conditions. Neglecting the brown discolorations soon appear- 
ing, the h.rst product, after some weeks' action, seems tO' be 
,‘?“diphenylcarb amide, produced by the hydrolysis of a dicMoro-sub- 
stitution product _ of carbon tetrachloride by small amounts of water 
present in the reaction mixture. The formation of diphenylamino- 
benzamidine is a slower process and takes some months. In solii-, 
tions of certain composition, small quantities of coloured products 
may be obtained, the formation of which is ]:vrobably indirect- Two 
such products have been isolated in the pure state, one in minute 
brown crystals and the other as a deep blue substance with dyeing 
properties. 

In the presence of a copper-mercury couple, the reaction is com- 
paratively rapid. At the ordinary temperatore, a small amount 
of pararosaniline is formed, as well as phenylcarbylamiiie and a 
fair amount of azobenzene. -The . m.ain product is, however, 
diphenylaniiiiobenzamidine’ hydrochloride.' At 80—90®, the reac- 
'tion is rapid, the product consisting . of the cliphenylaininobenz- 
amicline salt with some small -amount -of , pararosaniline. In all 
cases, however, the reaction, is not completed, and only the' 
constituents of very 'complex: mixtures have been identified. It 
would appear fro-m the results of' Hofniann,.'and ..Weith as .to the 
formation of pararosaniline- that' -.the, yield,' of this substance '' is 
favoure-,d by increasing ...the. 'temperature',- it -q) 0 -ssibly l)emg .fo'r-med- 
by intramolecula-r rearrangement -'from ihe' isomeric 'diphe,nylaminG”'-. 
benzamidine.- ■, Some experiments were '.'made to- .convert - this '-base' 
into' the 'dye by raising - the - temperature in the presence of various 
substa,n'cea, but without euccess. .' i:.- - 

:■ .The .use.; of .the. copper-mercury '.couple,' ^niak'es--, -the' ''''preparation- ,of,„', - 
diphenylaminobenzamid-i-ne from aniline and carbon tetrachloride 
a "Simple matter, and a fair -yield is obtained. Further, as bo.th 
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a,:niiii:ie and , Ccirbou. tetraciilo'ride are cliaracfce,ristiGa,lly typa mh- 
sfcaricesj tlie range O'f action of tliis catalyst will probably be 
extensive in reactions between related compounds. 

IVty sincere tbaiiks are bere expressed to Professor Orine M'as::'y)ri 
for liis continued interest in, and kindly criticism of, this work/,, 

Ghbmistby Debarment, 

ITotteksity o,f Melbourne. [Received, October Ul , 1917 .] 


XX. — .77ie Sfjnthesis of Anmionia at High 
TianptoxU'ures. 

B,y Edavakd Bradfoiid Maxted; ■ 

If 'the equilibrium between nitrogen, hydrogen, and ainiuoiiifi l)e 
examined therBioclynamicall 3 r, it will be seen that 'whereas at 
Tiiocierate ■ temperatures, such as are employed for the catalyti,(* 
synthesis of' a'mnionia, an increase in temperature leads to a, rapid, 
decrease in, the amount of ammonia in equilibrium witli liit'i.'ogei], 
and hydrogen, this amoirnt passes at higher te!'r!pera,i:'i'ir€^s through 
'a inininiuiii aiid, 'with increasing te]:'uperature, begins to rise' with 
i-ncreasiag velocity. 

Fo:r a, rough preli'miuary calculation, either of tlie ■followi.ng 
forni'ulffi, 'which Ixave ’’oeen worked out by 'Haber .ItJlehlnr- 

chem.y 1914, 20, 597; Tlierniodynamics of T'ecd,,u,iical :(has Rea„x> 
tio'iis/' p. 204) for the arnmoiiia equilibriu'in lit teirrpe/iaiture below 
1000^, may be exte,uded 'to higher' '■temperatures' in order to demon- 
strate this reversal, but it will be ■ shown that .more- am'imonia is 
actually obtained at, ' for instance, .the temperature of the ' oxy-' 
hydrogen 'flame than can 'be accounted' 'for by'eit,'l:ie:r formul;„'i.. 

' " P 1 

„We lia've, accordingiy, if K — * 

•f. X i 

' '(«) '.iogioiii. - ''2215/P ~~ 3‘625'log^'oy 4- 0'000307P G-29, x 

1'0-Gyi2^4.82.y' 

''(6) logioiT,, =:,'2098/P 2-oOS81ogiyP 0-0'001006P ,+ 0*18B''x " 

,' , .The calculated variatio'u of K with .t'emp'erature is given 
'.''following' table.' 
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Table I. 


Value of K >: iO'*. 

Tei'ii'pe rat lire. By equation (a). By ec|iiatioii (b). 
lOOO^^Abs. 5-7 " 5-7 

2000 0-78 0-26 

2000 2-03 0-2S 

4000 152-0 . .1*5 


It was accordingly to be assumed that mixtures of nitrogen and 
liydrogen, at high temperatures, contain ammonia which by rapid 
cooling might be brought, without complete decomposition through 
the teiiiperature zone- ' at ■ which ammonia becomes unstable into 
that region, of temperature in which it. is once more capable of 
stable existence. 

The subject has been examined experimentally, first for not 
extremely high temperatures, by rapidly cooling' mixtures of 
nitrogen and hydrogen fro.m. the temperature of the oxy-hydrogeii 
fianie to the ordinary temperature, yields of ammonia amounting 
to more than T per cent, by volume under atmospheric pressure 
being* obtained. The result is .of special interest if one considers 
that such a jdeld is only possible otherwise below 350°, a tempera- 
ture at which the formation of ammonia, even in the pi'eseiice of 
catalysts, does not proceed with measurable velocity. 

The method of heating and suddenly cooling employed in the 
work about to be, described consists in injecti.iig the mixture of 
iiitrogen and hydrogen into an oxy-hydrogen flame burning under 
water, or, in a seco,iid series of experim.ents, into an oxy-hydrogen 
lianie burning in a water-cooled silica tube, the amount of ammonia 
formed, being estimated in some cases by, direct titration with, 
.V/ 10-acid and in others colon metrically by Nessler's solution. 
Thc' reaction mixture co.ntained, therefore, in addition to nitrogen 
a.ud hydrogen, a volume o.f steam depending o.!i the proportion of 
the, mixture of i;utroge.n and hydrogen injected i.nto th^e' flame. ' ',It 
was. nO'ted, further, that the yield o,f ammonia recovered' at the 
ordinary temperature was' considerably .greater when direct cooling' 
with water was employed than when- the flame' was ' cooled' by, con-, 
:, tact .with , a water-cuoled -quartz. tube. . ' 

Ex,peki m:,'b,n'T'al. . 

.'Fo,r ''t'he first .series ' of. ..expe.rirnentg,'. the reaction chamber, con- 
sis,ted,'of''a,'',siIica 'Uibe. flb’xnm,. in ■.cliam'eter,'.and"-7\5 'em. lon,g-,, com''- 
'-pletely ',',im,'mers©d in about,- -00,0 c.c,- .of ,'distalled ' w.ater contained in 
■a .'glass '-ves's,el , fi,tted,,''W,ith,::an' ■efflcient'-gl.asssCooling',,',coiI',',:tbr6ng^ .which. 
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a rapid current of water was passed, the vessel having a capacity 
of slightly more than 1 litre. Into the quartz reaction chamher, 
nitrogen, hydrogen, and oxygen, at rates determined by velocity 
meters, were injected and ignited, the flame gases passing out of 
the open end of the reaction chamber and bubbling through the 
water, by the action of which the ammonia, recovered from the 
flame by sudden cooling, was retained. In some cases the ‘water 
was replaced by dilute acid, without, however, any appreciable 
difference in the results, provided that the water was kept cool. 
The amount of oxygen passed into the reaction chain I) er was in 
every case regulated in such a way as to leave unconibined- hydrogen 
equal to three times the volume of the nitrogen passed in: 

In order to make a comparison of the 'results obtained at' various 
temperatures and at varying partial pressures, that is, by the 
increasing dilution of the oxy-hydrogen flame with a mixture of 
nitrogen and hydrogen, advantage was taken of the known fact 
that for small percentages of ammonia the volume formed at a 
given temperature is directly proportional to the pressure, so that 
the volume of ammonia Avhich would be formed at the temperature 
of the flame but under atmospheric pressure may be calculated by 
dividing the value observed by the corresponding partial pressure 
of the nitrogen, hydrogen, and ammonia in the nitrogen, hydrogen, 
ammonia, and steam reaction mixture. In this way, it becomes 
possible easily to compare the relative amounts of ammonia fqrmed 
at different temperatures and under varying partial pressures. In 
this series of experiments, the ammonia in the resulting solution 
was estimated colorimetrically, by Nesslerh reagent, care being 
taken to use distilled water free ' from ammonia ' for cooling the 
flame, In those cases in which dilute acid was used for cooling, 
this was made; up, by dissolving 40 c.c, of ammonia- free W/IO- 
sulphuric acid in each litre of distilled water. 

' ' Table II summarises the results obtained by direct cooling .with 
water or dilute acid. 

It will be noticed that the percentage of ammonia, by volume in 
the mixture of nitrogen aUd hydrogen recovered by suddenly cool- 
ing (reduced for uniformity to one atmosphere pressure) ■ rises from 
0‘0027 to 1,'23 as the reaction temperature approaches that of the 
oxy-hydrogen ' flame. The flame "■temperatures are calculated from 
Feryh' observed ■ values for the, oxy-hyclrogen and,, air-hydrogen,' 
flames. .' ■' - ‘ 

Experiments with Indirect Qoolmg,' 

■'■The reaction' chamber .■employed for" this series of ©,xpe''r:ime:ttts ■ 
consisted,, : 'of 'h ' vertical r^qu'a tube ■'90 cm, long and ''8 mm,, in 
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1,72'^ THE SYNTHESIS OF AMMONIA. AT HIGH T'EMPERATITHES. 

internal diameter. This was cooled making it the inside fcnl}e 
of a lo,iig Liebig’s condenser. The flame gases , whicli in this case 
were cooled only by contact with the cold wails o,f t',hc3 silica tube, 
were allowed to pass from the bottom of the tube through a known 
quantity of x¥/10~acid, which was afterwards titrated with alkali 
in the usual iiiamier. As was to be expected from the. less rapid 
cooling, the amount of ammonia produced at high temperatures 
was less than that obtained by directly leading the flame into cold 
water. At lower temperatures, the divergence became less marked 
until, at the lowest, temperature studied, approximately equal 
values for the yield of ammonia were observed. The results 
obtained by indirect cooling in the above manner are summarised 
in table. III. 


Table III. 



Diiratio'ii 

Partial 
pressure 
of system 
nitrogen - 
hydrogen- 

Percentage 
by volume 
of ammonia 
in mixture 
of nitrogen 

Estimated 
temperature 
of fl,ame. 

Peree'n.t-agc 
volume of' 
a.mmonia at 
absolute 

No. of 

in, 

ammonia 

and 

° Abs. 

I'lress'ure 

expt. 

,rni,niites. 

in flame. 

hydrogen. 


of 1 atm. 

1 . 

30 

O-SO 

0*0020 

1280 

0*003 

2 

30 

0’57 

0*0068 

1830 

0*012 

i 

30 

0*25 

0*0134 

2350 

0-054 

4 

30 

0*167 

0*0196 

2470 

0*'118 

5 

30 

0*091 

0*019 

' 2580 

0*21 


Sumniari/, 


It may be' shown thermo-dynamically that the .ammonia equil- 
ibrium first' sinks with increasing temperature, then passes through, 
a iniiiimum, a,nd finally rises again. By suddenly cooling 2iii,xt't.ires 
of nitrogen and hydrogen, much of the ammonia caiitaiiied ther^ 
may be obtai:!ied at the ordinary temperature, ' and the' arn:mo.tiia,' 
form eel is, if we assume Fery’s measurements for' the temperature 
of the oxy-liydrogen flame' to be correct, greater than corresponds 
with Haben’s equation for the ammonia, equilibrium at tempera- 
tures below lOOG^. With 'direct cooling of.. flame'S by means of 
water, , volumes of 'ammonia amounting for atmospheric' pressure 
to, 1‘23 per cent., of the mixture of nitrogen- and hydrogen have 
been, obtained. '■ With indirect cooling, less ammonia is recovered, 
the' maxi niiim volume p'Or .cent, obtained at atmospheric pressure 
being'' 0'’21. ' " 

0-As. Develop'M,:ekts, . Ltd.,' ' 

'Walsaia. 7 [Reeekmi, Dmemher 2iHh, 1917.'} 
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XXI. — A Remvestigation of the Cellulose- Dextrose 
Relationship. 

By Mary Cunningham. 

.It lias been assumed that in order to determine the structure of 
the cellulose molecule, an obvious course is to identify quantita-' 
tivel}^ the products of ultimate hydrolysis and from their Imown 
constitution to reconstruct the original complex. Hence the 
commonly accepted view of (cotton) cellulose as a polydextrose 
anhydride. Recent researches have, however, cast doubt on such 
interpretation of the results of hydrolytic resolution, for they 
have shown that a molecular structure is not necessarily that of 
its constituents after hydrolysis (Fischer, Ber., 1914, 47, 1980; 
Irvine, Fyfe, and Hogg, T., 1915, 107, 524; Haworth and Law. 
T., 1916, 109, 1314). Moreover, and particularly as regards 
cellulose, observations of optical activity and reducing power of 
the products of resolution have been accepted as unquestionable 
evidence ' of identification, .whilst the isolation of thesubstanc.es 
having the recorded constants has even been regarded as super-’ 
.fluous. It' seemed importa'ut, therefore, on this basis of criticism 
to reinvestigate the products formed from cellulose by the action 
of acids which have usually l^een regarded as giving maximum 
resolution, namely, sulphuric acid dihydrate, 11.2804,21120, a'lid 
hydrochloric acid of more than 40 per cent, concentration. 

Two classes of cellulose- have bee'ii selected for experiment, namely, 
cotton cellulose as the normal type, a'lid esparto cellulose, which is 
cliaract-erised by a high furfuroid content, resembling in this 
'.respect the cereal celluloses, but being more re-sistant to h.ydro- 
lysis. In the case of cotton, cellulose, particular attention has been 
l„)aid to the action of 40 per cent, hydrochio'ric acid, as the 
behaviour of the normal cellulose to sulphuric ■ acid has already 
been.' studied by numerous investigators' (co,mpare Fle€.hsig, , 

Ghem., 1883, 7, .,523; Stern, T., 1895, 67, 74* and Ost nnd 
WiIkeniBg,/.-(7/^em. 1910 , 34 , 461 ). Esparto'' .cellulose-"', has 

not,' however, previously .been exa-mine-d in .this, respect, but'it.has^ 
'HOW --been /found that -trea'tmeht with '73 per. ce-nt. sulphuric . acid 
results .in the formation '.of 'polysa'ccharose' esters, which, were usually'., 
ob t ai'ued -, as ■' barium salts . ' " ’ These com-'pounds '' ^ bear , , sufficient^ rela- 
tion 'to 'the' original ' complex- -to''' give . a 'high, although ^ diminished, 
yield' .of :''furfuraldehyd6'''' on ', 'distillation, but' they are. distinguished - 
from, the cotton cellulose sulphates prepared by Stern {loo, cit.), by 
'the action of concentrated sulphuric -acid, in having a much smaller 
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of liiorgaiiic loate.rial. In tlie esparto products, tlic*. pro" 
'|;)or!:ioii of ]:)ariuHi com’l>i.iied is a,pproxiiBately equal to tliai o,l 
SO4, so tlie two are present in tlie ratio Bao : This 

ii'ieans that if either neutral or acid sulphates or both are fonned. 
with alcoholic hydroxyl groups, then an excess of bariiiin is present 
■which must Ijc in union with hydroxyl groups of a sufFicieiitly acid 
character to decompose barium carljonate, wiiiist the acid character 
of these liydrox3d gToiips is further einpha-sised by the stability of 
the conipoTiiids towards carbon dioxide, and this establishes them 
as geiiiiiiie barium salts. The SO 4 residues are also in very stable 
iiiiioii, as complete precipitation can only be effected by boiling 
with C30iiceiitrated hydrochloric acid in the presence of l)ariiim 
chloride for some hours, 'and although alkaline hydrolysis witli 
bariiiiii hydroxide solution greatly increases the barium content, 
the SO 4 groups are not entirely removed, and it is quite pos.sil:)le 
that some of them are present in the form of a neutral ester. 

As regards hydrolysis by the action of 40 per cent, hydrochloric 
acid, the claim has been put forward that cotton cellulose under 
these conditions is quantitatively resolved into dextrose. It must 
be remembered, however, that this conclusion and the tlieoreti(xil 
considerations to; which it obviously leads were ba-sed, not on the 
.yield of'clextrose actually isolated, but, by iirference, on the specific 
rotation , and reducing power, of a 1 -per cent, solution of cellulose 
in the acid,''' the yield of dextrose being calculated from the formula 
« — a X 100/[a‘Jj.„ '.where [a]^ is the speci'fic rotation of clextrose in 
■40 per cent, hydrochloric acid (Wills tatter and Zechineister, Ber., 

* ' Willstatter aaid Zeclimeister appear to have ' oveiioc,)k,ed. t,b 0 elabora'tc'^ 
'investigation of J. Konig, and F. Hlthn, “ Bestimnii.ing'der Zellulose ’’ '(Berlii'U' 
1012). Ill investigating' celluloses isolated 'by the several liitlierto roctignised' 
standard methods (.Hugo Miiller, Cross and Bevan, K 6 .'nig,. Tiilliiiis, 
etc.) they employ' 'the method' of solution in-the.ssinc cl:dt>rir!e.4iyl;i'rocdiloi^^^ 

' acid reagent (Cross and Bevan) and polarinieti'ic observations of tlie soli'.it:ioim. 

■ In. this reurgent, ■ dextrose was found to have a inaxinTurn .a>»-! 60^ aiui. xylose 

Goniparing these sohitions of the celluloses (’derivatives) there Js a ■ra.a.xim.iim 
7 for 0:0 of “-{'~82*5® in the case of , cotton.' cellulose “purified” by the Kdiiig’ 

' ''method; .the niaxima are, very -variable over the 'special rang'©, of .products 
', ' inve'Stigated. ' ' ' ' ' " 

■ .. These, authors do not draw the conclusion that dextrose is formed as suelp 

. or that the rotations, although apparently ’specific', are attributable to 'Ultinaat '© ; 
; ■gro'ups, 'iiamely, hexose. (or .pentose). '■’■■What they state ’is that maxiirnim. of 
.' ■ 'rotation is '"a criterion 'Of^ maximum purity ” .of cellulose. " This conclosioii 
.■ h.as been’' examined in,' > communication'.dealing critically with tlie who’le 

■ ’.. paper (Ciu.ss. ■and Bevan :■ Oongr. App. Ckeni,^ 1912, IS,' 101). 

'.Ho doubt attaches 'to tl'ieir experimental numbers ’and, being directly relevant 
to the Issue raised by Wi!l 8 tlitter"and':ZechmeiBter, they have to ■b'e ...taken Into 
consideration. 
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19135 405 2401). Siicli data seemed entirely inadequate in view 
of til© fiiiidameiital cliaracter of tlie issues involved, and it was 
tlierefore clecidecl to repeat tlie polariinetric observations * and 
also to isolate the prodnets in solution after definite intervals of 

Fig. I. 

Hydrolysis of cotton cellulose with 40 -per cent, hydrochloric acid. 

50 ° 
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1 30° 
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o 20° 

% 

'I 10° 

100 300 000 900 1200 1500 

Tinne in minutes. 



time. The cliaiiges in optical activity were observed as nearly as 
possible every 30 minutes for 24 hours, and the , results 
are shown graphically in Figs. 1 and .2. It wdll be observed from 
Fig. 1 (cotton cellulose) that there- is a ■ continuous increase' in 


Fig. 2. 

Hydrolysis of esparto cellulose with 40 per cent, hydrochloric acid. 
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activity up to 600 niinutes, but then a' marked fall occurs, followed" 
.hy-a fairly .regular rise to'th© 'value [a]p 4- 45*6^' .at .the end of 14,00' 
"minutes, :-with a' further increase ■ of . 10*^ .'during the ,'iiext ' 13 hours.,' 

*' The -polarimetric 'observations were made -after dilution, -ow-mg to t'he, 
do'ubtful condition of sugars when dissolved --in strong .a.cida. ' ■Mntarot'ation 
to ,:'the? ,a'-forni- assumed by Willstatfcer is -'not.' 'a satisfactory explanation'' of 
the; re-markable' -increase . in '-'activity observed, Tor dextrose shows', in, acid' 
containing' 44*5- per- cent, of' hydrogen -chloride a 'specific i-otation- 60° above 
.'.that - ,of'':'the''' "adsomeride,:- and' this ■■suggests -more'', ,,'p,rofoU'iid ','ponstitiitio-ri,al 
'Change'; than; merely' isomariC': transfonnationf ; 
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Esparto cellulose (Fig. 2) showed for the most part similar iiiictiui-' 
tioiis in rotation, but the initial attack of the acid is less delayed, 
whilst more irregularities occur in the middle portion of the curve, 
and the final value for the specific rotation is somewhat lower. The 
hydrolytic solutions were diluted and neutralised at the end of 
24 hours, when the esparto solution gave la]jy and the cotton 

cellulose^ solution 45*6^, but in the latter case a separation of the. 
products was also made at the -end of 48 hours, since the specific 
rotation had risen to the value 56*5^, wdiich is very nearly that of 
dextrose calculated according to the equation 

The substances so prepared were lead salts of poiysaccharose esters 
similar to the barium salts previously described, the higher mole- 
cular proportion , of chlorine entering into combination according 
with the superior esterifjdiig power of hydrochloric acid as com- 
pared with sulphuric acid. Dextrose could not be identified in 
any of the fractions, and, if present, it would appear and be coii- 
centrated in the more readily soluble portions, but these show a 
higher inorganic content and a lower specific rotation. The 
possibly misleading character of polarinietric observations when 
imsupported by the full identification of products is also emphasised 
by the fact that whilst- solutions of the very divergent types of 
' cellulose investigated show almost concordant optical activity, tire 
esparto products are furfuroids, and their solution gives, through- 
out the hydrolysis, high yields of furfiiraldehyde with a final loss 
of only 3 per cent*.,' eve-n if neutralisation is postpofied for six days. 
Further, dextrose is not formed on snbsecpiently heating the salt:s 
with dilute acid. Both the, sulphates and the chlorides so treated 
'show a fall i,n optical activity, whilst the products, isolated, after' 
the ■ rotation has become constant, contain a diminished quantity 
of inorganic .material, and, in, the .case of esparto, give a smaller' 
yield of fiirfuraldehyde on distillation. Evidently, therefor-e, the 
main action of the ■ acid is- to cause fi'iriher condensation ,of tlic 
original complex,, and not hydrolysis to- sugar. The same is eve.n ■ 
of a, sulphate prepared free from barium by the -action of' mid 
sulpliiiric acid on an alcoholic solution of the' salt. It should b-e 
■-mentio.iied,, however, that,. by the sulphuric acid hydrolysis of the 
bariimi, salts,,' residual syrups are, obtained which give glucosazo'nes 
.ill small ,' yield-. The, ester salts .'are further characterised by , a 
ina.rked reducing ,powe.r and -also. by showing slight .mutarotatio'o' 
.which is. uiiiformly do'wnwards.. These observations indicate' that 
-The .compounds .are- correctly ■ described 'as. ester salts of. .poly™ 
.saccharoses, aiKi it is . possible that they represent the initial^ res'ults 
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of hydrolysis ajid are not ’* reversion products''’ (Ost and Wilkeiiiiig, 
Joe. cAt.), as otherwise the huctiuitioiis in optical activity WQulcl 
have been more marked. On the other hand, the main result of 
these experiments, that no quantitative resolution of cellulose to 
dextrose is in reality obtainable, reopens the whole question of the 
structure- of the complex. This aspect of the matter is, however, 
dealt with in the following paper by Messrs.' Cross and Bevari. 

E X P E E I M E N T A L. 

Tht Action of Sulphuric Acid Dihydrate ^ H.jS04,2H.20, ou 
Esparto Cellulose. — Sixty grams of cellulose, dried at 8iP, were 
mixed with 300 c.c. of 73 per cent, sulphuric acid in a stoppered 
bottle. The bottle was mechanically shaken for six hours, and the 
very viscous solution allowed to remain for a further 18 hours, 
when it was diluted with 2 litres of water, A very small amount 
of regenerated cellulose was obtained, and the excess .of sulphuric 
acid was removed by the addition of barium carbonate, followed 
by filtration. The syrup left after concentration of the filtrate 
was dissolved in 50 per cent, alcohol, and from this solution, after 
filtering, 37 grams of a white, amorphous ■ product were obtained 
by the addition of 80 per cent, alcohol, whilst 8 grams of a second 
fraction were precipitated from the filtrate by means of absolute 
alcohol. Both fractions were very deliquescent and ivere only pre- 
pared in a solid form with difficulty. Drying operations had to 
be carried out at 50 — ^-60^, as charring easily took place, and the 
excessive swelli'ng 'which accompa,nied. it re’ndered elenie,ntary 
analysis impossible. 

Fraction I -Foiriid: Ba=:8‘6; S04='7''9; C5H4O2 (f'iirfu.r" 

aldehyde) =:^8'3. fa].^, to 

.//.-^^---Found : Ba-8-6; ' per 

cent [a]i, -h 55-3^ to 51*6^. 

lA'cparation- of an Ester Free from Barium. ^ “-In atteinpti.iig to' 

■isolate a'li ester free from barium, it was desired to avoid , any, 
■further hydrolysis of the original product, and therefore' The barium 
salt 'remained in acid alcoholic solution for' some days in: the cold. 
'Barium sulphate was then removed by ■■ filtration,, and the' additio'ii 
of ' absolute alcohol to the ■ filtrate gave a white, .amorphous' 'pre- 
'cipitatO' entirely free from ash." 

■Found',: S04 = 5'3; C5H4'Og,= 6‘'2'p'er cent , , 

■, ^'Hydrolyds. of Barium Salt with .^per ■ cent A Sulphuric Acid,^ 
'An:'8'‘5'.;per cent.', sol,ution,,of.,'the.^barium -salt 'was'.'inade up in 2%1 
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per cent, siilpliurio acid, and tKe following ctianges in optical 
activity' were observed : 


Initial specific rotation . 
After beating at 100® for 20 minutes. 

n 99 * »!> 99 ^0 ,» 

®9 « »f »9 lOO ,, 


42»r 

34«5 

32*8 

30-8 (constant) 


At this stage in the hydrolysis, the acid solution was neutralised 
with barium carbonate, and after concentrating the filtrate, the 
syrupy residue was dissolved in 50 per cent, alcohol, and the solu- 
tion gave a white, amorphous precipitate oii the addition of abso- 
lute alcohol. The yield only amounted to 60 per cent. 

Found: Ba = 5*3; SO 4 = 6*0; C^HiOo = 5*0 ■ per cent. 

[a]D+33*8^. 

Il^drol'i/sis of Boriimi Salt with 5 cefit. ■ Bmiuni Ilydromde 
Solution, — The barium salt was heated at 100® wdth the alkali for 
7 hours. An immediate precipitation of barium sulphate occurred, 
but the resulting compound, isolated as usual, still contained a 
spall percentage of SO 4 . The barium content was greatly increased, 
and this probably indicates ■ the presence of hydroxyl groups in the 
original complex, sufficiently ■ acidic ■ to combine -with barium, but 
not able to decompose barium carbonate. The compound was too 
dark for polarimetric observations. 

Found: Ba = 35*l. 804 = 2*4 percent. 


The Actioji of 40 fer cent. Hydrochloric Acid on Gotten Cellth 
lose, (a) Changes in Optical Aetivity . — A 5 per cent, solution of 
cotton cellulose in 40 per cent, hydrochloric acid wae prepared, and 
the polarimetric readings were taken after the concentration had 
been lowered to ,1 per cent. This gives- 'an acid concentration of' 
8 per cent., in which, as shown by. Willstatter, the specific rotation: 
of dextrose is practically normal. The readings at 15®,' from which, 
the foregoing curve was constructed. (Fig. 1 ), are given belown ' 


Mlmites. 

Wb. 

Minutes. 


Minutes. 

Wr»- 

Minutes 


Minutes, fal,,. 

120 

3*2® 

' 385'' 

14*8® 

635 

26*0® 

900 

28*4® 

1245 

42-4® 

, ,150 ' 

' 3*2 

. 415 

16«4 

675 

22*4 

930 

29-2 

1290 

44-0 

■ 180 

5-6 

' 455 

19-2 

705 ^ 

22-4 

' 1010 

32-8 

‘ 1330 

44-8 

210 

6*0 

485, 

20-0 

' - 735 

25*2 

1040 

84-8 

1375 

44-8 

240 ', 

'8*0 

.,' 515 

21-6 

765 

24-8 

1070 

37-6 

1400 

45*6 

,295 

"10*4 

' 545 

22-4' 

795 

20-4 

' 1100 

39-2 

1435 

'45-6 

'-'325" 

11*2 

' '5,75 

24-2 

825 

27-6 

1160- 

40*8 

2250 

'66-8 

,3,55 

12-8 

605 

26-0 

870 

28-0 

1195 

41-6' 


,It' will. be., seen .that, except for some irregularities -..i'n the, period 
635 "to' 8,2'5 minutes, the optical activity continuously increases, ■ to 
'theffinal value: -p 56*8® at the-'end'.of 2250 minutes.,. The' -values' fo-r' 
'[aJjj, 'are' ca,lcuIat 6 d'','on, the 'original '.-weight- of cellulose., ' 
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(b) Yield of Furfuraldehi/de. — At tke end of 24 iioirrsj , tbe acid 
solution was diluted to 12 per cent, and distilled, as in the ordinary, 
procedure for a fiirfuraldehyde estimation. The yield oiity 
arn Glinted to T2 per cent., calculated on the original weight of 
ceiiiilose, , so that evidently the high .furfiiroid content of the 
esparto solution is due to the persistence of the original complex 
and not to any specific action of the. acid treatment. 

(c) Isolation' of the Products formed after Hydrolysis for (1) 
24 Honrs, (2) 48 Hours. — When the specific rotation had reached 
the value +45*6'^ at the end of 24 hours, the acid solution was 
diluted to 1 litre and neutralised wdth lead carbonate. The filtrate 
was then concentrated under diminished pressure, and the syrupy 
residue freed from any lead chloride retained as impurity by pre- 
cipitation with hydrogen sulphide and subsequent neutralisation 
with silver carbonate. Some lead sulphide was formed, hut very 
little acidity developed, and it is therefore possible that a portion 
of the precipitated lead was in combination with an organic coin- 
pound. After further concentration in a vacuum, a clear, colour- 
less syrup was obtained which dissolved readily in 80 ' per cent, 
alcohol, and the addition of absolute alcohol precipitated from it 
2 *'5 grams of a white, amorphous, deliquescent compound.,' A 
second fraction was obtained from, the filtrate amounting tO '3T 
grains, and, there then remained 1*3 grams of residual syrup, which 
also contained lead and chlorine. The total yield of products is 
therefore only 69 per cent. 

Fraction J.— Found : Pb 7*9 ; ■ Cl = 6*1 ; = T'OS.' 

,[a]p 4-48-2<^ to 43*0^. 

Fraction II . — Found: Pb = 8*.2; Cl = 7*3 per cent. Wd + 46'’7‘^- 
to 33 •4'^. 

(2) Products Formed after 48 Hours^ Hydroljfsis. The .products 

i.ii solution after the more prolonged hydrolysis were separated as 
previously described, but their general characteristics 'were quite 
si,miiar, .although, the 'specific rotation of the acid solution had 
' increased to, the constant value. '+ 56*8®. The yields from 1,0' grams 
■of cellulose were: .fraction I, 2*1 grams'; fraction II, 3*9 grains 'with 
■'O'* 9 gra.m of residual syrup, also containing 'lead and ' chlorine., 

' , Fraction .f.-^Foiind,:. , Pb=8'3;. Gl = 6*2'. ' [a]^, +'42*5® ■to.' 34*5®.' 
" ' Fraction //.— Fo.uiid: 'Pb'=’9‘4;. '01=9*8 per cent. [a.]j5'p,26*7®' 

to':I7*'3®. ■ " ■ .. '■ ."'d'V,.', 

' The ' Action of AO -per cent. Hydrochloric Acid on Espa/rto/GeMn- 
lo'se.: ^■"(a) 'Gkanges An Optical Activity. ---A h cent.' 'solution of,'' 

''esparto',:'celliilose':,wa,s' p'r,epared'',as';^ previously d',6scribed in the case: 
of cotton cellulose. The esparto solution darkened more quickly 
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and ilie precipitated ceiliiloBe was Biore diseoioiirecL Tlie clarkein- 
iiig of the solution was due to the separation of liuinus substances 
wiiicli were not entirely soluble in alkali. The polariiii'etric 
observations were taken as before, at 15*^, after dilution to 1 pei" 
cent, concentration, reckoned on the 'original weight of cellulose. 



[a]„. 

M.inutes. 


MinuteH. 

[«].>• 

M i l lutes. 


■ [aJp. 

130 

8*4'^ 

460 

22-4^ 

750 

30*4° 

990 

354} 1330° 

30-2® 

155 

9*2 

490 

24-8 

780 

29‘6 

1030 

■34*4 1405 

40-0 

185 

9-6 

535 

26-8 

810 

29*6 

1075 

37-6 1490 

41-1 

215 

iO-S 

570 

27*2 

840 

30-4 

1135 

39*2 1620 

46-3 

245 

11-6 

600 

28-4 

870 

32-0 

11 65 

38-4 1770 

4:5*6 

290 

13-6 

630 

29-2 

900 

31-2 

1200 

404„l 2035 

46*3 

320 

lo-2 

670 ■ 

31-2 

930 

35-1 

.1230 

38-4 2250 

4l.>* 3 

370 

400 

18-0 

19-0 

735 

32-4 

960 

35-0 

1295 

39-2 3000 

54-4. 


It will be seen that for the most part the changes in optii:al 
activity are parallel to those recorded in the case of cotton cellulose. 

(b) in Yield of Formaldehfjdt . — The 3/'ield of furfur- 

aldehyde was determined at definite intervals by distilling a poi'- 
tion of the acid solution after the acid concentration had been 
reduced to 12 per cent. 


l^iiue l'ro.'i:n start. 

[«]..• 

Yield of furfiiral- 
dehvde, per cent. 

12 liO'ui’S 

.. 29*5° 

11*6 

24 „ 

. 41-4 

■11*6 , 

6 da.ys 

. 49*6 

■ 9-9 


The yield of furfuraldehyde is calculated on the original weight 
of cellulose dissolved. 

(c) IsolatioN of the FradNct^ of Jli/drolt/si^^ At the end of 24 

hours, the acid solution was' treated as described under cotton 
cellulose. The products contained a complex which yielded furfur- 
aldehyde, blit otherwise they had. the same' general character istit,^s. 
As usual, drying operations had to be conducted with great care, 
as charring easily occurred, accompanied by marked swelling, which 
r©,iidered an elementary analysis impossible. 

F.ntctioih /.—“Found:. Pb = 7*9; Cl = 5'6. [a].jj ■+■ 3(}'5° to 22'2^‘-t 

Fraction //.—Found: ,Pb'=8’2* Cl == 8’6 5 '7 per 
cent. "' [a]j 3 . + 32*2® .to 25'2^. ' ' ' , ' 

' .The. total .yield was only 40" per' cent, of the weight of ceiliilo's© 
employed. ■ 

Summary and Oonclusiom, 


'(1), The; products of hydrolysis of the celluloses are not identi- 
:fiable by the .M’otati on constants of,, the. hydrolytic solutions, The 
latest ,concltisio.ns,. as'' to '.. the'-cellulose-desitrose; relation, "baaed o,ii. 
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optical data, are now shown to be invalidated, for the following 
reasons: (a) Such widely different types as cotton and esparto 
celluloses give identical optical data on hydrolysis, but the ultimate 
products have necessarily divergent constitutions, (h) Solution 
in concentrated hydrochloric acid produces constitutional changes 
even in the simple hexoses of known configuration, as shown by 
the marked lluctiiations in optical activity accompanying slight 
variations in acid concentration. The products obtained in acid 
solution from cellulose may therefore be the result of several con- 
current reactions. Even when these are reduced to a minimum by 
sufficient dilution, there is still the ascertained complication of 
esterification. 

“ (2) No quantitative resolution of celiuiose to dextrose has yet 

been obtained, and the claim made by Willstatter and Zechineister 
to have effected this conversion, since it rested solely on polar i- 
metric observations and the equally non-specific data of cupric 
reduction, would seem inadmissible. 

(3) Isolation and identification of the products of hydrolysis or 
their immediate and characteristic derivatives m,ust be regarded as 
the only trustworthy means of quantitatively studying the resolu- 
tion of highly complex colloidal carbohydrates such as cellulose. 

(4) Under the action of both sulphuric and hydrochloric acids, 
cellulose forms esters of polysaccharoses which contain acidic 
hydroxyl groups. In the case of hydrolysis by the latter acid 
especially, attempts to isolate dextrose, if present, by fractionation 
only resulted, in the production of compounds having a higher 
content of inorganic material and a lower specific rotation, whilst 
the effect of subsequent heating with dilute acid is to produce, not 
hydrolysis, but further condensation. 

I wish to express , my indebtedness to the Carnegie Trustees, who 
]>rovided the opportunity . for carrying out this research, also to 
Professor J. C. Irvine, and Mr. C. F. Cross^ who have given me 
valuable advice, a,nd, lastly, to Messrs,. Tullis, Ruvssell and Com- 
\ pany, who kindly supplied the esparto products used in the 
ex|>eriments. 

■' THnTTNiTE,D ',€b.LLEGE'OF St. 8AiA’ATO.a'AK'D St, Leoha:r,j:>, 

Chemical Eesbakch 'Laboratory'., " 
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, ■ .St. Andrews. ■ • [Recew&i-, ■Felrrnarif 
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X.XIL — Esparto Cellulose and the Problems of 

Constitution, 

By Ghab,les Frederick Cross and Edward John Be van. 

The study of celliiloso by way of processes of solution and oi 
its ester derivatives tbrougli tlieir solutions bas extended ratlier 
tlian deepened our knowledge of cellulose matter ; for progress in 
til© more' fiiiidameiital regions tbere are required (a) a coiiipre- 
lieiisive study of physical ' constants and (b) an exliaustive study 
of processes and products of resolution. "We have devised a plan 
of investigation towards tlies© ends, and in tlie former (a) we are 
joined by S. S. Napper and S. J. Lewis; Dr. Lewis has made sid - 
stantial ]:)rogress in measuring fluorescence ©.ffects, absorptiou 
spect-ra, diatlierniaiicy, but more especially deiisity-voltiine phe'Uo- 
mena, the results of wLich promise to throw light on fundaineniad 
points. These researches will be the subject of future communica- 
tions. 

The' latter (b) specially sets out from a critical survey of the 
evidence- for the gen O'rally accepted view of cellulose as a poly- 
hexose anhydride, that is, with- ultimate groups of configuration 
conforming closely with that of dextrose. In this criticaT study 
.and ill' the resulting scheme of experimental revision of the- accepted 

evidence — ^baSed on resolutions assumed to be purely hydrolytio 

we are joined by Professor J, C. Irvine, in whose laboratory the 
, work describ-ed by Miss Cunningham in the .preceding pape,r has 
been carried out. 

The selection of esparto ce^llulose 'as a type, for ' parallel study 
with, the normal cotton cellulose . is -justified by coiisicl'erafcio,nB 'a 
priori and by the results; of .our own further study of 'thi,s p-roduct 
unde-rtaken concurrently.', 

■ ' (1) Esparto cellulose presents striking' -divergences from the other 
cellulO'Ses in the- - well-established characteristics (a) of reactivity 
with aniline— the rose-red colo'ur .reaction - is sufficie-ntly co-nstaiit to 
be -a measure .of., the proportion of esparto cellulose- in ad.mixtii'i,*e 
with. 'Cotton and wood celluloses, and (h) of - yielding a' constant' high 
.■proportion , of , furfiiraldeliyde' (12*5 .per cent.) when decomposed 
With acids .by, the. usual methods. ■ ■ 

.' These .are an index .'.and .measure of 'Constitutional features of 
differentiation'' both of proximate and ultimate- gT'Oups., 

.','(2), Esparto' cellulose, is, grouped with the .cereal- celluloses ■ which 
present these-- same .specific,. 'eharacteristics;' but ,the latter are- 'Co-m-' 
';,plex ';mixtures'.nf'>truc^ whe'reas ' e-sparto'' u'eU-ulose, as 
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|);iper-!i!,ak(:‘r’s ''' is a, subslTMstially lioinogerwHiiis type an 

assemblage of the fusiform, elongated cells which are identified as 
preponderating in th.e leaf structure by examination of transverse 
sections. It should be noted that the cereal celluloses are derived 
from stem tissues (straw), and the structural differentiation corre- 
sponds with difference of function. 

(3) The cereal celluloses, as regards ultimate coiiipositioii, are 
differentiated from the normal (cotton) celluloses by containing a 
lower percentage of carbon. 

, With Mr. Napper we have carefully purified specimens of esparto 
cellulose, and he has obtained the following analytical numbers 
with a specimen which, when dried at 100° in dry nitrogen, lost 
‘ moisture ’ = 7*2 per cent., and on burning left 0*2 per cent, of 
ash : ■ 

0*1808 gave 0*2962 COo amd 0*0995 ILO., C=:44*68; 11 = 6*16 
per cent/*' 

These figures are approximately those required for the normal 
substance, and since the furfur oid constituent groups must be 
inferred from the yield of furfuraldehyde (12*5 per cent, as deter- 
mined on the specimen in question)- to be approximately 30 per 
cent, of -the (esparto) cellulose aggregate, it wmnld appear that the 
two component celluloses are identical in elementary coinpositioii. 
This does not allow any positive conclusions as to the generally 
assumed identity of ' furfur aldehyde-y ielding ’ with pentosan 
groups. As, however, the full anhydride, of e.mpirical formula 
-C 5 Hg 04 , requires C = 45’5 per cent., the'-' evidence on this point, 
taken together with experimental facts set forth b'Clow, is rather 
against this assumption. 

(4) It is noteworthy that as a result of the reaction with -con- 
centrated aqueous hydrochloric acid, as described in the fo-regoiiig 
paper, there is a loss of 'total furfuraldehyde, that is, a disappear- 
ance of ''furfuroid groups as such. This coirstitutional change 
has been studied ' and more definitely - established by , means of reac- 
tions calculated to determine the, minimum of change in groups 
of normal hexose- or pentose-configuration. 

' ..'These results- are briefly- as -follows. 

Action of Alkali 

, (a) SoiUmn 'IIydr oxide (4 per centA) at l-35°.~---™W6'' must premise' 

that .esparto /cellul.GBe is 'isolated by- 'digesting; the' raw' 'esparto- with 
■'17- per;cent. of, its weight ,of ■3—4;. 'per cent, so'diiini ,hyd..r'-o'xide-,s 0 iu-',.' 
,tion at 130°, and.-- under .the -corresponding.. pressure. It survives 
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this ireatiiieiit with no change of furfuroid contents. IVloreoviir, 
from the liquor we have isolated a colloidal or ' pectic ' furfuroid, 
giving 50 per cent, of furfuraldehyde on boiling with hydrochloric 
acid. This is a higher yield than from any compound of this class 
hitherto obtained, and would appear to characterise it as a \piire" 
pentosan. It is mentioned here only in reference to one point, 
namely, its behaviour with the hydrolysing acid employed in resolv- 
ing the esparto cellulose (^infra). The fuller study of this interest- 
ing- substance is incidental to our scheme of research, which 
embodies the systematic fractionation and characterisation of these 
by-products of the industrial process, and the extension of our 
previous investigations (T., 1882, 41, 94). The results of these 
researches will form the subject of future communications. 

(b) Sod'kmi Hydroidde (17'5 'per cent.) at 15 — 20^.— Treatment 
with biiercerisiiig soda' is a standard method of diagnosing the 
proximate constitution of industrially important celluloses. The 
following numbers were obtained with the specimen in question, 
that is, the product from (n) subsequently purified by the usual 
basic bleaching process (bleaching powder) : 


a-Oeliulose (resisting the solvent action) ■ 84*14 

iS-CelMose (soluble and reprecipitated on acidification)... — ^ 
7 -CeIhiIose (hydrolysed : soluble in acidified liquid) i5*8fi 


[The specimen contained I'S per cent, of mineral constituents 
(ash), and the above figures are calculated on the ash-free cellu- 
lose.] 

Actiorh on Fiirfuroid Com jde;c and Fminroid (h'on'p^. 

The yields of furfuraldehyde were: . 

Original celiuio.se. Cellulose after treatTiierit. ■ 

Per cent. , - — - — ^ ^ — — 

a-Cellulose '84*14 ; 4 per csvnt. 


7 - Cellulose 15*86; '20 4*12'' 

12*5 Total per cent. 7*48 


There is an important constitutional change determined,, by the 
mercerisatioii : 40 per .cent, of the ■ ultimate furfuroid groups are 
affected,, and' the change', of structure ,is more pronounced . in, the 
resistant '.(a)' complex than in the -hydrolysed. g,roiips (y). 

Actio7i of Acids, 

(a) ■ cellulose was ■ acetylated, ■with yield of' 

160 'per 'Cent, of , the' weight 'taken.' 'The 'acetate,.' by hydrolysis and- 
condensation with liydroehlori.c"acid, yielded, 4*7 percent, of, furfur-' 
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iildeliycie,, which, ca.loulated on the original cellulose, is ~~ 7’57 per 
cent. 

There is a similar change of constitution in the furfiiroid groups, 
and this notwithstanding the fact that acetylation under the corn 
ditioiis selected is ascertained to involve the minimum of stnictiirai 
change ; in the case of the i8-celliilose of jute it is without influence 
on the furfiiroid groups (''Researches on Cellulose,” I,, p. 130). 

(b) Ht/drolymig^ Acidn, — The cellulose was treated with, five times 
its weight , of sulphuric acid dihydrate, 11.2804,21120. 

(1) After three hours at the viscous solution was diluted so 
as to correspond with a concentration of 1 per cent, of the original 
cellulose. 

The figures for fiirfuraldehyde w^ere as follows: 


Furfuraldehyde. 

Percentage of 
:Per cent. original. 

Reprecipitated fraction (colloidal hydrate) (23 


per cent.) 4-6 1*06 

Hyd,rolysed to soluble derivatives (77 per cent.) 8*6 ft, 62 

Total ' 7-68 


( 2 ) In a second experiment, the whole of the resolved mixture 
was boiled with hydrochloric acid; an estimation of fiirfuraldehyde 
gave 7’ 5 per cent., calculated on the original cellulose. 

( 3 ) A^ction of Siilphuric Acid Bihydrate on the Oolloidal Bp- 
product (above ), — This concentrated form of furfiiroid was similarly 
digested with The acid iir 'the cold, and, after dilution, the solu- 
tion was t'.reated with hydrochloric acid as abo've-, with the follow- 
ing result: 


Furfiira-Ideliyde 


RFrorn original 50*0 per cent. 
( After digestion 31*1 ,, 


Here also we obtain the same, result, 60 -per cent, only of the' 
furfiiroid groups surviving as, such. 

The cellulose was next' submitted to the action of sulphuric acid 
trihydrate, H2SG4,3H20. 

(1)' It was digested at 18 *^ with five times its weight of the acid. 
The reaction is of,,, a diflerent order, as .shown ' by , the following 
results:' ■ ' 

' Furfur aldehy de, ' 


Percentage of 
„ Per 'Cent. , ',, original; . 

Mixture,, of" iindissolved and ' i-eprecipitated '■ 

: per cent.) ■ '' .'lui"'" ■ '1-17 "v 

Hy'.drolys,e,d to soluole forms- ,(21*6 per. cent. ,34'9. ' ■7*70,', ■ 

8-87 


Total' 
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(2) Tile experinieni' was re-j>eaied, using a larger propcni-ioii cif 
tlie acicl, whicli gave a more advanced resolution, as evidenced by 
the prodnctioii of a lioinogeneoiis, viscous solution. On precipita- 
tioiij 77*5 per cent, of the original was obtained in the colloidal 
hydrated form; the soluble hydrolysed products also yielded, as 
before, 35 per cent, of furfur aldehyde. 

(3) ' The effect of prolonging the digestion for six days at 15—18° 
was next examined , with the following results ; 

Eiirfxiraldeiiyde 

A ... 

Percentage of 


Per cent. original. 

Eeprecipitated hydrated colloid (61 per cent.) ... M 0'67 

Hydrolysed to soluble derivatives (39 per cent.) 19*9 7»76 

Total 8*43 


It is clearly established by this study- of thC' furfuroid groups of 
esparto, both' of the cellulose and non-cellulose conipoiients, that' 
they are in a labile and potentially transitional form, and further, 
doubt is cast, on the very usual assumption that these furfur- 
aldehyde-yielding carbohydrates arc pentosans. These ' results 
must, also be. reviewed in the light of the data of, the foregoing 
.pa.pe.r by .Miss Ciinninghain.. 

The variations of the primary factors of' reaction, cellulose, as 
well, as acids, were carefully designed to extend the basis of 
criticism; there are many 'directly consequent results, and, coti- 
elusions which require- no further discussion. The mam result is 
to restore the cellulose— dextrose relatioiishij) to the position of an 
open quxMion uirid probleni. It is now once more and more 'posi- 
tively emphasised that the ■ supposed- proo,fs of a lineal descent are 
of doubtful validity.. It should be recognised that the inierYmxing 
factor of the unexplored colloidal- state is very -seriously to, be 
reckoned , with, not only on an a .priori criticism of- the, assu'inecl 
,eon,stitii,tion of cellulose as a complex ' of actual ,h©xo,san, (or 
hexoser-pentosan) groups, but for its evident influence on . the 
who-Ie of the reactions described .in this and' the foregoing paper. 

,' , ;-Thus W6, have 'to account , for .the flxation 'of S 04 H'(or' SO 4 ,)- in 
stable- union by reaction with sulphuric'' acid- dihydrate; no s'licli 
x'eaction would appear to be possible with a he-xose- or even 'w,ith 
,an-' anhydride,' Bather as a matter of form, we have examin-ed' 'the 
,behavioiir of dextrose with these' acids. " There is no- fixation of 
SO 4 H and,', no dev,elopment-' ■©£ , acid function by any constituent 
-hydroxyl g'ro-up. 

, As regai'ds the ' possibility 'of a reaction between ■ sulphuric - acid 
-an-d an alcoholic hydroxyl group, there- m,ust be simultaneous resolu- 
tion of the sulphuric acid dihydrate, '.'which , implies 'a,- -eonsid'w^^^ 
;| 6 ndo} -thermal ',e^^ is therefor© necessary to make- a tliermal . 
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study of the reaction, and this will be undertaken' with other 
typical cases which are already under investigation. 

The simplest interpretation of the reaction in the meantime ' is 
that the effect is initiated, with groups of the cornflex containing 
oxygen of basic function in excess of that which characterises any 
hex os© or hexose anhydride. A nucleus group of, this order may 
very well derive its basicity from a special configuration due to 
the affinity strains of the colloidal system. That such exist and 
are brought into play by reactions of this order is shown by the 
changes produced in the furfuroid groups of the esparto cellulose 
by reactions of a by no means energetic character, and in the case 
of the normal celluloses by the changes which w^e have specially 
investigated in our study of the reaction with formic acid (T., 1911, 
99, 1450'). 

It is still undetermined whether the product is, a true ester or 
an ester hydrate, the latter being the analogue of the salts formed 
by the interaction of the colloidal hydroxides of the metals and 
the acid in aqueous solutions. It is also undetermined whether 
the acidity of the derivatives in excess of that due to SO 4 H is the 
result of migration of hydroxyl groups attending the reaction or 
a secondary effect due to the entrance of SO 4 residues into the 
complex.. That the former is probable is shown in the results 
obtained by Ost and Wilkening {Ghe^n, Zeit,^ 1910, 34, 461) in 
their endeavour to prove the total hydrolysis of cellulose to 
dextrose. There was an invariable production of acids of low 
molecular weight (volatile acids) in many cases in considerable 
proportions. 

Since the researches of which this and the foregoing paper are 
sections are in progress, we limit ourselves to experimental records' 
and a b.rief treatment of the theoretical points which are present 
difficulties, but also a definite forecast of lines of progress. 

,As our present main subject is esparto cellulose, we may perhaps 
be allowed to direct attention, to the change of paper used in print- 
ing this' Journal — -as from, January, 1918 — from the esparto' ceilu-, 
los'e type, to a paper composed- of wood and cotto,n celluloses.', 

' '' 'A main , reason , for this change is the, special reactivity of ,esparto': 

; cellulose , . with ' arylainines and ■■ ■ derivatives, as, ' described,', ' ■ above.. ,^, 
Those directly responsible for the publication of the Journal have 
been ,in' difficulties, as regards paper supplies,, .'and At ,.wa,s',,,, deemed' 
opportune, ,..to , ,', take " advantage , of the position, , ,hy ■ ,consi,dering ..' ,th©" '■ 
technical problems involved and adopting a standardised paper, free 
'from the- par.ticular';defect,'''in’',''quesiioh.-., 
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XXllL~The CoibstitiUion of the IJiscmchmides, Idirt 
IL Lactose and Melihiose. 

, By Walter 'Norman Hawortit and 'G-RACE Cummino TjE:r:rci:i. 

Our present knowledge of the structure of the disa,ccliarides is 
rnainly restricted to the elementary facts that these sugars yield 
hydrolytic products which may he recognised and classified a^s oi:ie 
or other of the simple monosaccharides. Althoiigh many constitii- 
tioiial fornuliai have been proposed for lactose, ex|,)eri;i]:ienta!, worlc 
leading to the solution of this important problem lias hitherto 1:)een, 
lacking. Fischer's suggestion (Ber., 1888, 21, 2633)' of the acetal, 
type of linking of the t\ro constituent hexoses cannot now be 
upheld, and the steady adherence of chemists within recent years 
to the y-oxidic mode' of representation of the hexoses further 
excludes f oriniilse based on the conception of these ■ sugars as 
aldehydes (Fischer, Ber., 1893, 26 , 2400; 1894, 27, 2988). ' 

That lactose is an anhydride of the two so-called a,l,do-lie.KC)ses, 
glucose and galactose, has long been known, and, inasmuch as it is 
also 'a reducing sugar, the active terminal group of one of' tlie 
hexoses must .necessarily he preserved ' in the structure of the di- 
saccharide. Evidence is adduced on p. 192 S'howiiig tliat 
re'ducirig property which persists in. lactose is 'attributal)le t-O' tin* 
glucose: residue, and that the similar 'property of the galactose res'i’'' 
dll©' has become latent by its combination with the glucose molecule. 
This, mod© of li'iiking of the 'two hexoses, engagi'iig as ii'. does 
red'll cing group^ of galactose, must therefore occur hy co'ml")inat'i(.),u 
of the latter with o'ue of the hydroxyl, groups of the glm:'*os© clia.i.m 
and the allocation ' of the precise form and.- position of tlie linking' 
constitutes the outstanding difficult^r in assigiiing'a definite forn'iida 
to the .disaceharide. 

An important contribution to the siuidy of lactose' lias liec'U, ma,de 
.by Ruff and Olle'.ndo,rff 1900, 33, 1802), and, their conelusio'ns 

are discussed ' in greater detail on p. 192 of this i,a':if'n:riri:iiiicatic:iii, 
Their researches have show'ii.that the anhydrid.edinking of ga.lac5toHc 
with glucose 'does not eo-ncern the hydroxyl groups, attached, to the 
,, second ."and" third' 'carbon', atoms finm' the reducing end of the 
■glucose cliaiii.. *' ' If , we are^, also .to exclude the " hydroxyl positio'ii. 
next in order, on ' the' ground' of its be-'ing- occupied, already in tlie 
',y-oxide linking ' of ' the . 'glucose' structu.re',. , which is dnlinite'ly 
to be' .the caS'© ' (p. ' 193)., , 'then 'there remain op'en' to, pus ' two 
'alternative's, namely, that' the' 'galactose-reducing 'group,, in, , ,its 
'With the glucose',' in v6ly69'''eith'er'''''the.',hy,drO'Xyl'' group' attached M) 
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tile teriiiiiial carbon atom of the chaiiij of the adjacent penultimate 
liydroxjl group: 



--CH2 

rGH~0— 

“GH 

jCH-OH 

UH-OH 


rCH 

rUH 

1 CH-OH 


'--CH 

^lyn-OH 

• * 

'-Qll 

1 CJ,H-Oil 


i CH-OH 

CH-OH 

'-■GH-OH 


*eH-OH 

GHj-OH 


(Galactose 

(Glucose 

(Galactose 

(Glucose 

residue.) 

residue. ) 

residue.) 

residue.) 


(L) ■ (II.) 


One or other of these formulae must therefore represent both 
lactose and its synthetic stereochemical iso.meride, isfolactose, and 
the final allocation of one of them to lactose and i^olactose leads 
to the inference that the alternative formula should be ascribed to 
melibiose, the disaccliaride obtained by the partial hydrolysis of 
raffiiiose. We are now able to advance conclusive, evidence in favour 
of the adoption of the second of these formiilse for lactose. Con- 
sequently, it follows that,' .according to our present knowledge .of 
the chemistry of, melibiose, formula (I) best represe'iits the latter 
sugar. The 'possibility, however, that the 'hydroxyl group attached 
to the third carbon atom of the glucose , residue is concerned in the 
linking with, ' galactose in the melibiose molec'iile is not altogether 
excluded by the evidence available. In the case of lactose, no such 
dubiety remains. 

This conclusion is of peculiar interest, a'part fro'm its relation 
to the solution of the inrmecliate problem of the structure of lactose, 
i,n that it o'ffers definite evidence of the hitherto unknown mod© of' 
linki.ng of two sugar molecules ii'i the form of a branched chain, 


>CII>0-GH.< 


CH./OH 

CH(oe)‘ 


as shown, i,ii the lactose formula (II). Without some such hypo- 
thes,is,, ,it ha-s always "been' a matter of dlfBculty to account for the. 
numerous, isoinerides .existing in 'the -disaccharide series, and' there 
'can , no. longer be any reluctance in offering; as an explaiiatdoii ' .of . 
the , occurrence of ' these isomerides. the supposition that the 're'd'Ucing' 
group of one liexose' is united, 'with, a- -second 'residue t.h'ro'Ugh.'-''-any', 
one of the - hydroxyl groups'' of the' latter.- '- "Thus there,, are' ' no' fewer' 
thaii' f our,'-- r'educing " disaccharides 'containing two- glucoS'e" residues,; 
.namely,- Vinaltose, ', isomaltos©, 'gentiobios©,'. -and' 'cellobiose,,- -and '-"'the. 
existence of these is explicable on the above grounds. 

'.As an initial step in the investigation of the constitution of 
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lactose, experiments wer® instituted on the' methylatioii of this 
sugar by the agency of methyl sulphate as alkylating medium^ and 
a detailed description of the general applicability of this reagent 
in the sugar group has been given in a previous commun/icatioii 
(Haworth, T., 1915, 10'7, 8). The utility of methyl iodide and 
silver oxide for th©" methylation of sugars is confined to the non- 
reducing derivatives, such as the glucosides, since, in the presence 
of a reducing sugar, silver oxide functions as an oxidising agent, 
and esters of carboxylic acids are formed. This limitation imposed 
on the use of the earlier reagent has hitherto been an obstacle to 
the investigation of methylated disaccharides, inasmuch as the pre- 
paration of the methylglucosides of bioses is attended with con- 
siderable difficulty. Thus, as initial materials for an extended 
investigation, they are comparatively inaccessible. 

With the view of determining the best experimental conditions 
for the direct methylation of reducing sugars, glucose was' selected; 
as an, example. Methylation of the reducing group of th© sugar 
proceeded by the aid of methyl sulphate and sodium hydroxide at 
a moderately low temperature, and methylation of all the hydroxyl 
positions was completed at a higher temperature. The crystalline 
product isolated in good yield was tetramethyl jB-methylglucoside 
(see p. 195). Since this substance may be hydrolysed with greater 
ease than the a-modifi cation, the present procedure is recommended 
as the best method of preparing tetramethyl glucose in quantity. 

Conditions having now been established in the case of glucose, 
these were applied to the direct methylation of lactose, with satis- 
factory results. The eight hydroxyl positions in the disaccharidc 
inolecule/were 'found to have 'beeji completely methylated, ■ and 
heptamethyl methyllactoside was obtained in minute, colourless 
crystals melting at 77—82°; and -showing a . rotation ■ of 
in water and -16*9° in ethyl alcohol.- This crystalline variety, on 
the analogy of the ' glucose experiment, was probably' the 
cation, and 'What is concedvably the a-form was also isolated as. ,a 
colourless oil distilling ' at 210°/ T I -mm. , Simultaneously, , a 
quantity of hexamethyl methyllactoside was also prepared. 

-A portio'H -of the heptamethyb methyllactoside was, submitted to 
hydrolysis with 5, per cent, .aqueous 'hydrochloric acid at 80°, and 
.finally." in the,: region of 100° for- a -brief period. Practically': no 
hydrolytic : cleavage occurred, at a'' lower temperature than 80,°., 
-From' the' syrupy product two methylated, hexoses were isolated, one 
of .these being" tetramethyl, galactose, ■" which, was identified," by ,, con- 
version' .into, -,,'the crystalline , anilide melting, at,, 192,°,' and , showing 
-th© . ©quilibrium, value', ■ after, , ca,tal,ysis. , - Thes©,''(:data 

agree, ■'with,„,tho,se .'of'-the , a'nilide ■, of , tetramethyl "galactose'' .prepared 
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l,)y Irvi'ne aiid McNicoil (T., 1910, 97, 1454), and, 'moreover, a 
o'lixed meltiiig-poiiifc determination proved the identity ot the 
^iresent specimen, derived from methylated lactose, with a specimen 
provided by the above authors. 

Complete separation of the methylated galactose fragment having 
been effected through conversion into the anilide, the remaining 
syrup, on keeping in a desiccator, crystallised in minute needles. 
The latter compound, melting at 118 — 119*^, was shown to be a 
trimethyl hexose and represented the glucose fragment from the 
hydrolysis of the lactoside. Its stability towards permanganate 
indicated that it belonged to the butylene oxide type of sugars. 
Since eight methoxyi groups were originally present in the hepta- 
methyl methyllactoside, and four of the methoxyi groups have 
been acounted for by the isolation of the tetramethyl galactose frag- 
ment, whilst on© methoxyi group was removed as the glucosidic 
group, there remain only three other methoxyi groups to be 
allocated. These' could only have been present in the glucose frag- 
ment., and thus the isolation of the trimethyl hexose establishes its 
identity as a trimethyl glucose. ' 

There are possible only four trimethyl glucoses of the butylene 
oxide type possessing a free reducing group, namely : 


rCH-OH 

rCH«OM 

pJH-OH 

j-CH-OH 

^UH-OMe 


^UB,-OMe 

CH-OMe 

j OH-OMe 

1 GH-OMe 

|6h-oh 

1 CH-OMe 

ioH 

'-CH 

Loh 

i-UH 

OH-OMe 

CH*0M6 

CH-OMe 

CH-OH 

CH.-OH 

GHg-OMe 

Ce„-OMe 

CH,-OMe 

(in.) 

(IV.) 

(V.) 

(VI.) 


The trimethyl glucose isolated in' the present case does not' form 
an osazone, and thus formula IV is excluded on these grounds. 
■Again, the trimethyl glucose of formula. III is known, and this ,is' 
a' liquid having a different I'otation from that of the substance, now 
isolated (Purdie and Bridgett, T., 1903, 83, 1039). The choice of 
a'' ' formula .. for ■, the . crystalline . trimethyl ■ ' glucose obtained , '.from' 
heptame'thyl methyllactoside 'is thus ■ restricted to f.ormulse .'V, and,', 
VI.' ' Fortunately,' by having -'regard 'to the '^behaviour of : lactose 
itse'lf, ' we ' are ' able to decide, .between' these . two;,' alternatives. 
Lactose . gives rise to, a' phenyl osazone," and, also., may'.'.be.'Tnade; „to' 
undergo oxidation with'.Lromine .water,,., to, lactobionic' acid ■ ■(VII'I),:V 
By hydrolysis of the latter, Fischer and Meyer obtained gluconic 
acid and galactose 1889, 22, 361), and from the former 

*** The constitution originally assigned to this liquid trimethyl glucose has 
recently 'been confirmed by Irvine -and Biek (unpublished research). 
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gliicoaoiie a, lid galactose 'were .isolated as cleava-ge products ( Fisclie.r, 
Ber., 1888, 2li'2633).' 

From tiiese facts,, it is c.lear, first, that in .lactose, the recliicing 
group of tlie glucose residue is free; secondly,' that the hydroxy. I 
group adjacent to this reducing group is also free : 


CH.pOH 

c,h„o,—o~ch: 

'-OH 



jCH‘OH 

-CH-OH 

(Galactose (Glucose residue.) 
residue.) (VII.) (Lactose.)^^ 


6 


5 

4 

3 

2 

1 




CH“OH 

CB>OH 


C0*0,H' 

(G.luconie acid residue.) 
(VIII.) (Lacto'hionic acid. 


Again, Ruff and Ollendorff (loc. cU.) were aide to degrade 
lactose to the galacto-arabinose by oxidising , the calcium salt ' of 
lactobionic acid, with Fenton’’s reage.nt. The syrupy sugar was 
found to yield on hydrolysis ^;?-galactose and • df-arabinose, . and 
therefore tvas a liexose-pentose complex, iso.meric with vicianose. 
This compound readily formed a phenylosazoiie, and therefore, the 
liydroxyi group adjacent to the reducing group of the arabinose 
residue must be free; hence it is proved that ttvo of. the secondary 
alcohol groups which, are situated nearest to the reducing group in 
the original .lactose molecule must be free, that is, the hydroxyl 
groups attached to the carbon atoms numbered, 2 and 3 in 
formula VII, since the carbon atom marked 1 is eliminated 1:)}^ 
the“ process of degradation. . The consideration of formula V as 
representing the ' constitution of the trimethyl glucose fragment, .is 
thus precluded : . 


-> 4- CV,H,A 

Lactose. .Galaeto-arabiu<.>se. ■ Galactose. A!*aM'n,ost.\ 



OsaKone. 


This result leaves open only three' possible positions for tlie coupling 
.'of the galactose residue with'. glucose in the lactose inole.cu,le,.:na:rnel}% 
.the. secondary alcohol gr.oups attached to the' fourth a,n,d fii'th carbo.n 
.atoms and the terminal 'primary.: alcohol, group of the glucose chain, 
(see formula VII, above), ■ 

. . In .the ".course, of the' present investigation. 'it has bee:i:,i shown 

^ In elucidating these transfonnations .the stractiirai 'foriniiUi. ,fo,:r lactose 
determined,.' in' , the course '"of the present eo.mmuni,eation is us('d throughout. 
In order to simplify reference, nurnberH arc ascrifoetl to trh< differs it positiouH 
in,'' the,. sugar ehairn 
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tliai the tri.ie ethyl giiicose fragment, obtained' on hydrolysis of 
iiepta, 111 ethyl :rnf 3 t.liyliactos.ide, is of the butylene oxide' type^ and 
thus -the secondary alcohol group of the 'fourth carbon atom of the 
glucose chain is occupied by this butylene oi-cide linking. Further, 
as already stated (p. 191), evidence is available that this trimetliyl 
glucose cannot be represented by formula III, and thus the primary 
alcohol group cannot have been concerned in the galactose coupling. 
As foriiiulge IV and V given above are also excluded 'by expeii- 
niental evidence, there remains, then, the only other possibility, 
.namely, that the trimethyl glucose isolated from the hydrolysis of 
heptamethyl methyllactoside has the considtiition I’epresented by 
formula VI.' 

Since this is so, it follows that the coi.istitution of lactose is also 
clearly indicated : in the disaccharide the galactose residue is com- 
bined through its reducing group with the glucose residue, and 
involves i.n this union the secondary alcohol group , attached to the 
fifth carbon atom of the glucose chain, for the latter grouping 
re'.maiiis unprotected by a methyl group i.u the triinethyl glucose 
isolated, and must consequently have been concerned in the di~ 
saccharide linking in the completely methylated lactose. , 'The 
hydrolysis ' of heptamethyl methyllactoside may thus be formulated' 
as below, the dotted lines indicating the. points of' cleavag.e: 


H 


OH 




- 0 - 


U 


CH-OMe 
|GH-0M6 
‘■•■OH 

CH-OMe *6 h- 

CH„-OMe HO 

(Hojitaniethyl rnetlivUiietosido) 
(TX)/ 


CHj-OMe 

-CH. 

rCH 

^CH-OMe 
1 OH-OMe 
OMe 
H 


+ 2H„0 


rOH>OH 

CHj-OMe 

^CH-OMe 

OH'OH 

iCH'OMe, : 

rOH 

} • ■ -f* 

. . 

1 UH'OMe 

UH*OMe 

?CH*OMe 

■'■.CHAOMe-'^"", 

'iGH-OH 

Tetmmethyl 

/ Trimethyl' 

galactose. 

glucose,'. 

■ (X.) 

(TO-) 


+ M.eOH 


.. A,' trimethyl gIu'cose,';'ldentiC'arwith 'that: obtained from lactose in 
the course of this work, .was 'also: 'isolated 'by. '/'■Denham and Wood- 
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IM 

iiouBO from methylated ceiliilose (see p. 1.99). This lias the sa.iiie 
crystalline fomi; its melting point is not depressed by mixing the 
two specimens, and it possesses the same equilibrium rotation value-. 



CO 2 H 


rCH-OH 

a-OH-OH 

^CH-OH 

j CH*OMe 

^CH-OMe 

j3-CH-OMe 

iCH-OMe 

— > y-CH'OMe - 


!-ch 

6h-oh 

CH*OH 

CH-OH 

CH-OH 

6h«o.h 

CH./OMe 

CHa-OMe 

CHg^OMe 

(XI.) 

(xn.) 

(XIII.) 


These workers prepared from it the trimethyl heptonic acid (XU) 
by ascending the series, and showed that this acid only undergoes 
lactone-formation at the expense of the loss of a methyl gi‘oup 
(XIII). The methyl group eliminated by the lactonisatioii was 
considered by the^ authors to be that having the *y-positioii, and the 
constitution they tentatively ascribed to the trimethyl glucose is 
represented by formula XI, which is identical with formula VI 
(p. 191). 

We are thus able to confirm the structure assigned to this tri- 
methyl glucose, and it is of interest that the same mode of cliliexose 
linking that occurs in cellulose is also present in lactose. 

Since lactose is hydrolysed by lactase, which is the specific enxiyiiio 
for ^-gaiactosides, Just as emulsin is the enzyme for i8-glucosides, 
therefore the two known forms of a- and jS-lactose are to be regarded 
as the , a- and j8-glucose-i3-galactosides. Presumably the synthetic 
w'olactose, concerning which little is known chemically, is the stereo- 
isomerio glucose-a-galactoaide, whilst melibiose may dje • considered 
to be the structurally isomeric . glucose-jS-galactoside possessing . the 
constitution I (p, 189), 

Expeeimental. 

Prefamtion ' of Tetrainethyl fi-Meth/lgkieoside, 

, .For the purpose of this preparation, 27 grams of glucose were' 
dissolved in 10 c.c. of water. ' There were also,, required' 142 grams 
of . methyl .sulphate' (109 c.c.). and a solution containing 109 grama, 
of sodium, hydroxide in 19.0 c.c.' of water. ,One-fif,th of ■ thembove" 
"Volume of. methyl sulphate'. was .added immediately to the " ,gliicoae 
solution,. .and., the temperature of 'the. mix.ture mamtained .at ".35® 
by 'Surrounding the vessel with .warm', water. From a. dropping, 
funnel, :3S:,c.c.. of ,'the„sodium' hydroxide solution were . iiitro.duced ^ 
slowly, , dr.pp .'.;hy,.'. drop,. ...witk efii'cieiit., mechanical stirring. ' vTliere- 
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after tlie temperature was raised to 40*^, and tlien, gradually^ over 
a period of three liours to 60°. 

By this time tiie glucose was almost completely converted into 
^-methylgliicoside. Tlie temperature was now maintained at 60° 
while the remainder of the sodium hydroxide solution and methyl 
sulphate was slowly added in approximately equivalent amounts 
in unit time from' two dropping funnels, the mixture being mean- 
while vigorously stirred. 

When the whole of the reagents had been added, the tempera- 
ture was raised to 100°, and, after keeping for half an hour at this 
temperature the reaction was complete. On cooling, the aqueous 
solution was extracted with chloroform, the extract dried, and the 
product distilled. Almost the whole of the residue remaining after 
the removal of the solvent distilled at 108 — 110°/0*23 mm. as a 
colourless oil having 1‘4455, Other fractions distilling up to 
150° were small in amount and had refractive indices varying from 
r4495 to 1*4708, and these consisted of partly methylated gluco- 
sides. The first fraction crystallised instantly on nucleation with 
a crystal of tetramethyl 0-methylglucoside, which had previously 
been prepared by Piirdie and Irvine (T., 1904, B5, 1064), and the 
crystals, after draining on porous tile, melted at 39—41°. A 
mixed melting-point determination with the specimen previously 
prepared by the older method showed no depression. The rotation 
of the substance in absolute ethyl alcohol was [ajj^ —13*3° (c = 5*0). 
The following analytical data were determined : 

0*1347 gave 0*6125 Agl. OMe = 60*03. 

C 6 H 70 ( 0 Me)g requires OMe^- 62*0 per cent. 

The Com f let e M ethylation of Let ctose. 

Isolation of Mexamethyl MethyUactoside and II eptam, ethyl 
MethyUact aside. 

A convenient method of conducting the ,m ethylation of a. di- 
saccharide 'iiiay be illustrated by the use of lactose. The materials' 
were used in the following pro'portions :■ lactose '(30 grams), methyl" 
'sulphate. (114 c.c.), . sodium hydroxide" (111 .grams), .dissolved^', in 
water (210 .c.c.). The lactose was dissolved in the minimum '' amount ' 
of Aot. water, and the 'Solution cooled to ,' One-eighth .of .■ the 

.above volume of .methyl sulphate', was added,' .followed by one-eighth ■ ' 
of, 'the^ total volume of the' sodium hydroxide. solution, '■ The. latter"' 
reagent '.was '.added', very "slowly;' with '■.'mechamca.l 'stirring, and'. '.'the 
temperature of the 'mixture maintained at 30°, by means ..of a, water*;': 
'■bath,'."'..' ',',.1.^.1,.,' 

This treatment was repeated, one-eighth of the original volume ' 
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of metliyl siilpliate being mixed with, the lactose solution, and again 
one-eiglitli of the socliiim hydroxide soliition slowly introduced, while 
the- temperature was maintained at 40®. 

The mixture was kept overnight, and on the following day the 
reducing property of the free sugar was found to have disappeared. 
It is important that throughout all these operations no* free 
alkalinity should be allowed to develop, otherwise scission of the 
disaccharide occurs. Thereafter the temperature was raised to 
60®, and a third proportion corresponding with one-eighth of the 
original volume of methyl sulphate was introduced, and a similar 
proportion of sodium hydroxide solution was added, drop by drop, 
with vigorous stirring. The remainder of the reagents was added 
at 70® in the same order and in similar fractions, stirring being 
continued throughout the addition. Finally, the temperature was 
raised to 100® for a period of half an hour, when the reaction 
seemed to be complete. Extraction of the product was carried out 
with chloroform, the extract dried, and the solvent distilled. A 
residue was obtained which yielded four fractions on distillation : 

I. 160-193*^/0-2 mm, 

IL 10370-22 mm. 1-4759. 

III. 204-210° /0-38 mm. nr, 1-4760. 

IV. 21770-63mm. 

The third fraction, on analysis, gave results agreeing with the 
formula of hexamethyl methyllactoside : 

0*1955 gave 0*7190 AgL OMe = 48*56. 

Ci2Hi504(0Me)7 requires OMe = 49*32 per cent. 

0*1308 gave 0*2450 COo and 0*0969 ap. C==51*l; H:-.8*23. 

C19H30O11 requires C~51*8; H = 8'20 per cent. 

A deterinination of the optical ' activity of this fraction in ' water 
gave Mb A 7*47® (<:; = 4*28),' and this value shows a considerable 
diminution in the specific 'rotation of ' the original lactose 
{[e]^'+52*2®). , 

When the material ' represented' .by , the fractions I— IV was 
twice further methylated,' either with methyl 'sulphate and sodium 
hydroxide, or,, 'alternatively,, with silver oxide and methyl iodid,e, 

, ;it 'was found that the bulk of the pro'duct consisted' of heptamethyl 
xa'ethyilactosid.e, 'as shown below. ' This was,, submitted to distilla- 
;" tion under ' diminished , pressure by.; means of the Gaede pump. 

Fraction I. 185°/0-05 mm. nn 1*4659. 

Fraction II. , ■195°/0-05 mm.: 1-46.8.B.'.'' **. 

■ '■' Fraction III, 20.0°/0*05 mm. ; 1*4713, 

■ ..'Fractions T ''and '.III.. werO’ exceedingly small in ; amount. 

'',',The' ..main' .'fraction 'gave' the 'following 'analytical" data,: ' 



THE CONSTITUTION OF THE DISAGGHABIDES„ PART H. 197 


0'0586 gave 0*2363 AgL OMo = 53*34. 

C\2lI^403(0Me)3 requires OMe — 54*63 per cent. 

0*1352 ^gave 0*2585 COo and 0*1025 HoO. C = 52*16; II==8*4'3. 

C2 oH 3 s^u requires 0=52*83; H = 8*43 per cent. 

It was observed that this major fraction (II) crystallised on 
keeping, and especially on triturating witb liglit petroleum. Tlie 
crystals' were drained on porous porcelain and re crystallised from 
liglit petroleum. 

Tlie colourless needles melted at 77 — 82^, and a determination 
of til© refractive index of tlie sup-erf used solid gave Ujy 1*4675. 

Complete analytical data were now obtained for the crystalline 
specimen : 

0*1002 gave 0*4175 Agl. OMe=55*0. 

C\2H^403(0Me)g requires OMe = 54*63 per cent. 

0*1281 gave 0*2482 CO., and 0*0974 HgO. 0 = 52*84; H = 8*44. 

CooIissOji requires C = 52*83; H = 8*43 per cent, 
and the rotation of this pure specimen of heptam ethyl metliyl- 
lactoside was determined in different solvents : 

Rotations: I. Water fajxy 4-5*19° ; c= 0*771. 

11. Absolute ethyl alcohol — 16*87°; c = 1*482. 

III. Methyl alcohol -13*04°; 1*459. 

IV, Acetone -13*64^^; c==l*1466. 

Hydrolysis of Hejptametliyl Methyllact aside* 

Preliminary experiments on the hydrolytic cleavage of this com-' 
pletely methylated lactoside showed that the hydrolysis occurred 
probably in two stages. With 5 per cent, aqueous hydrochloric 
acid, after two and a-half hours’ heating at 80^, scission of the 
disaccharide linking takes place, and the specific rotation at this 
point is of the .order of' Prolonged heating at' this 

temperature, or ,.a short period of- heating at 98*^, '.results' in ' the 
r6.m.oval of the iiiethylglucoside linking, and the specific' rotation 
registe-red is about [a] ■-i-76^. A larger .quantity of material was 
'■then, subjected to similar' treatment, 'and the- product, consisting 
of a mixture of methylated hexoses,'Was separated into its individual 
components' in the following ' way. - -The aqueous hydrochloric acid 
solution was neutralised- ■ with barium, carbonate and evaporated- to' 
.small bulk in a 'vacuum. The syrupy 'residiie.. " was extracted 'with'' 
ether to remove mineral "salts,'' and,' after ffltration from' these, "the' 
ethereal . ''.'Bolution was' evaporated. It was. anticipated. /'that'- the 
-methylated' -hexo-ses'--' derived., -from- -.this - hydrolysis - would' 'be'') (l,)'r,a 
' tetram-ethyl .gal-acto,S:e,-, ,(,.2)..,- a., -.trim-ethyl, glucose..-.. ... The. former.. .of 
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tiles© may be expected to possess solubilities differiii.g from those 
of the lattei% owing to its containing fewer free 'hydroxyl groups. 
Ultimately it was seen that a separation of the methylated galactose 
and glucose fragments could be effected by taking advantage of 
the insolubility of the anilide of tetramethyh galactose in water^' 
the anilide of the other methylated hexos© present being soluble. 
The dried, syrupy residue above mentioned, was therefor© digested 
with an alcoholic solution containing excess of aniline (7 mole- 
cular proportions) for' three hours. On cooling, coloiirieas crystals 
of an anilide separated. The whole of the mixture was subjected 
to steam distillation in order to remove the excess of aniline, and 
from the undistilled" residue there, separated crystals of crude 
anilide. Thus, in one experiment, from 2*55 grams of hydrolysed 
syrup 1*2 grams of crystalline anilide were obtained. This was 
filtered and recrystallised from .ethyl acetate, when long, silky, 
colourless needles, which matted together on filtration, were 
obtained melting at 192° without decomposition, Polarim.etric 
examination of the anilide in acetone solution gave [a]p -i- 38*0° as 
the equilibrium value after catalysis. These data agree with those 
of the anilide of tetram ethyl .galactose prepared by Irvine and 
McNicol! (T., 1910, 97, 1454). 

A mixture of the above anilide with a specimen prepared by' the 
latter authors showed no depression in melting point, and thus 
there can be- no doubt of their identity. 

On another occasion a highly purified specimen of the anilide..,,,:, 
was isolated in this way from the products of hydrolysis, a'lid more' 
accurate optical data were obtainable. These may now ,b© given 
:as [ajo, initial value — 83*3°, falling to the permanent equilibrium, 
value [a]p +40'7°.' 

The filtrate' from '■ the crystalline anilide contained ' in solution 
another anilide, presumably that of the methylated glucose frag- 
■,inent. The addition of ,a trace of -mineral acid caused the separa- 
tion of. aniline, . which was removed by distillation in , a current of 
■steam, and the residual solution was co,ncentrated i'H a vacuum., at 
',20°*, ' - A , moist syrup remained behind .which weighed 1*3 grams.; 
.This was', dried by solution in absolute alcohol, .the- solvent distilled, 
and: from the residual syrup there separated minute needles.' which, 
'after recrystaIlisa,tion from dry ether, -melted at ,118— 119°. The 
,. sparing' , solubility , in dry- ether, ■ of, this colourless substance, its 
stability towards'" pern||mganate, .and its m,e! ting poiiit ■ 
that it, .was probably identical with- the . .trimethyl glucose-, ".obtained- 
' by , - Benham' -and Woodhouse ' from - methylated celMos-e ' (T., ■ 1914 , 
',' 1 . 0 ' 5 ,' 2364 ;' - 1917,. Ill, , 244),:„';, '.Gonfirmation on this point was 
::'-for,thcO:ming, as for th©.,'-purpose-'-.of-,' eompariso-n^' .we -.were- able, b;^ 
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c«')!irtf‘sy of I'.heBe aui.liors, to obtain, n sp-ecirneii of fclie iri- 
metliyi ghicopo |jre|)arcd ]-ty iliem. Tliis s'pecimeii, wbicli lia.d been 
kept for some irioiitlis, was found to melt at 114''k but after re- 
crystallisation it melted at 117®. Tli© solubilities^ crystalline 
foriHj and melting point of this recrystallised specimen, and also a 
mixed melting-point determination (117 — 118®), proved the identity 
of the two specimens, so that there can be no doubt that the colour- 
less, crystalline substance obtained as the second cleavage product 
of heptamethyl methyllactosicle is a trimethyl glucose. 

The initial value for the specific rotation in methyl alcohol was 
determined, namely, [a]^ -f- 112*9® ; after catalysis with a trace of 
hydrochloric acid, the reading diminished to an equilibrium value 
Wd +^9*1®. It will be seen that the initial rotation recorded is 
slightly higher than the value ([«]d + 103*9®) quoted by Denham 
and Woodhoiise (loc. cit.), whilst the equilibrium value is almost 
identical with that quoted by them for an acetone solution of the 
substance (69*5®). This slight variation in the magnitude of the 
initial rotation may be explicable on the ground that the melting 
point found by ourselves is 8® higher than that quoted by the 
former ^authors in their communication, so that from methyiatev 
lactose the compound may be more readily obtainable as a pure 
stereochemical form. The crystalline compound combines with 
phenylhydrazine in the cold, giving an oily plien 3 dhydrazone, but 
no phenylosazone derivative could be prepared. 

We can also confu'm the constitution assigned to this compoimd, 
and a discussion of the formula (VI) is included in the theoretical 
part of this communication. 

We acknowledge our indebtedness to the , Carnegie ■ Trust for a 
scholarship which has enabled one of the authors to collaborate in 
this investigation. 

IJxiTEU College of St. .Salvatoe an.i> -St. Leohaeb, ' . 

: ■ IT'niveesitv of St. Andrews. . 

i^eftruary 28th, 1918.] ' 
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Recent Studies on Active Nitrogen. 

A I'jectyiire -deliver'ed before tlie Clieiiiical Society on 
Ij^ebniary 21st, 1918. 

By tbe Hon. Robert John Strutt. 

In 1913 I gave a Friday evening lecture at tlie Royal .liistitiitioo., 
ill wliicli some of tlie more striking pbenomena oi active nitrogen 
wei'e exhibited. This evening I shall dwell cliiefly on results 
obtained since that time, but to be intelligible to tliose corning 
fresh to the subject, it will be necessary to traverse a little of tlie 
old ground. 

The fiiiidaiiieiital experiment on this subjeot is to pass a stream 
C'f rarefied nitrogen through a discharge tube a (Fig. 1) in which 
a vigorous jar discharge is maintained. The stream of gas, drawn' 
by a powerful air pump, issues into the vessel' h, where it exhibits' 
.a brilliant yellow light. The fact that no electric discharge passes' 
in h and that the gas takes an appreciable time' to pass tliroiigli 
this vessel shows that it remains glowing after the electric dis-^ 

, charge is over,, and this may be established very directly by 'simply 
turning the exciting discharge off, when the luminosity will be 
seen to persist for some seconds' interval flowing down into the 
pump. ' Indeed, in favourable circumstances and wdtli a closed 
vessel scrupulously clean, the luminosity pC'rsists for several 
minutes. 

. Evidently this luminosity (which is not of the ' 'nature of 
temperature-i'adiation) can only be maintained by the passage, of 
the' nitrogen gas from a -state in which it contains' mo-re potential 
e.nergy to a' stat-e in' which it contains less. , This- circumstance alone 
might sugge-st that a, special- modification of nitrogen is ■ prese.iit, 
but this becomes a certainty when 'we note the 'behaviour of the 
'glowing gas when other gaseous substances, are brought in c'ontact 
wdth it. '/For it is found that hydrocarbons' are 'converted at tli'e 
^ ordinary temperature into hydrocyanic' acid,^ and,' that' the' more: 
volatile ' metallic vapours' are conv.erted, into nitrides. 

'■ .Ordinary nitrogen.^will, certainly not behave, in . this way, ; an,cl' 

,, the-refore it does- not seem over-bold to assume, that an- extrao',rdinary, 
'ki'nd';"of nitrogen is' present.- -This,, has been 'named, -with, a .mini- 
■,,'muixi .of', hypothesis, ' active nitrogen,,; So far as I aiu; aware, ,no 
alternative ,; interpretation ;■ of: the facts-,' mentioned , - has' hee-n -' 
'attempted. ■'' 

.■■',,,'Xiiys'Ome '':of''' the;'developmenta it '.has ' been an 

unfortunate necessity to work with quantities so small that often 
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liidy could Rot be weigiied or even seen. It may b© remarked in 
|>assiiig tiiat wliatever legitimate sceptioisiii may have been felt 
about results so attained, at any rat© they have led to coiiciiisioiis 
Avhicli can be verified by the well-tried inetiiods of the chemical 
analyst. It suffices to refer to the now established fact that there 
are various kinds of lead of different •atomic weights. 

There is, or lias been, an idea abroad that iiiy conclusions on 
active nitrogen are dependent on similar indirect iiietliods: that 
the evidence for the existence of an active modiffcatioii of nitrogen 
depends on a dubious interpretation of obscure spectroscopic plieno- 
nieiia. I hope this evening to make it cpiite clear that this is not 
the case. In fact, I should not have had the courage to face you 
to-night if I had not had more direct and convincing evidence to 
offer. I wish to emphasise that the existence of active nitrogen 
was formulated solely on the grounds which appeal most directly 


Fia 1. 



to chemists. The properties of this substance have been examine cl 
by the ordinary methods- of' chemical analysis, carried out in inany 
cases, not on a microscopic scale, but in vessels of ordinary or even' 
large size., dense precipitates "and strong ■ colorations being obtained; 
such' as' do not require the -eye of faith-'for their ''recognition..' , '■ 

' , 'Although . the luminous pheno-mena .'accompanying these., actio-ii's 
form ''no part of the' evidence ,for.the existence ','of the active" S'Ub'-: 
stance, ' yet -they are 'of'' considerable', ''interest in ' connexion .-'with^ it-s-'..-^ 
properties, . and I 'shall -hav-©.- 'a ■good '■.deal to ■ say about them. '' . ' ,' ' 

, . I ' first show you the action of active nitrogen o'li acetylene. 
-,W''h^32 "' acetylene ,enter'S the'' 's'tre'am, ' of - '"yellow, - glowing . gas, /you i'see-', 
that 'a'/lilac' tint is '.develop-ed. -This- -shows' tho' well-known cyanogen'.',^ 
spectrunr—the 1 spectrum - obtained,-.,. .forh'-'"instan,ce,.' --::from^ 
'cyanogen;,'' 'and;.'"it''-W'as''-;^^^ fr6asdh-.':;A'at;''it'.:--:wak.'i 

■that, 'hydrocyan,i'c''./'''aeid''-/',-^.wak::',foiin€ppb;',IkvW 
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iiiu;?iiiHfo.(;Lor3/ lo rely on sucb ;ui argunieui. I <lo noi, J'unl in*vf,*r 
(Hr! r<i;;iy on ii:.. 1'n, sliowing llie presence of liydj'ocyaiiic airiO,, i 

iuLve generally frozen it out from tlie gas stream witli liquid air 
(as in Fig. 1) and sliowii its presence cliemically in tlie cooled 
vessel d. Toiiiglitj lioweveiq a simpler metliod must suffice. We 
lead tlie gas ejected by tbe pump tlirougii a solution of sodium 
hydroxide to collect the hydrocyanic acid. On adding a iiiixtiire 
of ferrous and ferric salts, and acidifying, you see that a strong 
Prussian-blue reaction is obtained. 

I have shown on previous occasions the action of active nitrogen 
on mercury vapour. Mercury was gently heated in a stream of 
the yellow, glowing gas, and it was found that the yellow glow 
was displaced by the green light of mercury, familiar in the mercury 
vapour lamp, with its characteristic line- spectrum. At the same 
time, a nitride is produced. This may be treated with water, when 
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ammonia is .formed, and the Nessler reaction is obtained. The 
nitride is unstable, and when -heated pretty strongly it decomposes' 
with minute flashes, accompanied by audible , crackling. 

-T ahall'. now perform a novel experiment, „ not - before- shown 
publicly. This is- the ,, action of active nitrogen on -cold liquid 
mercury. .The stream of glowing gas is led over a U-tube -(Pig.' 2) 
containing a small quantity of '.clean ’mercury, not enough , to' .fill 
'the .bottom bend of the tube. '.So- long. as the tube is at rest nothing 
.liappens, the glowing gas passing nny' but 'if the tube is shaken so' 
as to break .the .skill, of the ■me-rcuxy surface, and constantly',' .tO' 
renew it, it is seen that' the mercury is' quickly attacked and becomes 
foul,, .very much., after, the fashion in which. ; it . is 'made' foul by 
ozone. . At.-the, sain,e .time,.;, the; luminosity of, the issuing gas is 
.■extinguished,, 'showing', that '■it,,-.is '-.no" longer 'in the peculiar state. 

Let iiB now take some of, the-mercu'ry which' has,, bee'H made foul 
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ill this wajj mix it with water, distil o.ff a portion, and test with 
Nessler’s solution. You wdll have no difficulty in recognising the 
presence of ammonia, showing that a nitride had been formed. 

One interesting point is that when liquid mercury is employed 
in this way w© do not get any trace of the mercury spectriiiii, so 
conspicuous when active nitrogen mingles with mercury vapour, but 
the chemical reaction occurs none the less. Thus it appears that 
W6 cannot trace any close or necessary connexion between the 
lioniiious elfects and the chemical ones. 

I will now direct your attention to another interestring case of 
this kind. Suppose that nitrogen is purilied by allowing it to 
remain over cold phosphorus, and then thoroughly dried by passage 
through long and tightly packed tubes filled with phosphoric oxide. 
In these circumstances, it will be tolerably free from traces of 
oxygen compounds, and the afterglow of' the gas, usually yellow, 
will bet found to be practically invisible through a blue glass. 
Suppose now that w© allow a small quantity of almost any oxygen- 
containing gas to flow into the stream of glowing nitrogen, taking 
care, however, to prevent it from mixing with the nitrogen until 
the latter has left the discharge. Nothing particular seems to 
happen when the oxygen compound flows in, so long as we observe 
the yellow light directly, except that the yellow light fades out 
sooner; but if a blue glass is inteiqoosed to cut out the yellow 
light, then we see that at the confluence a bluish-violet light is 
developed by admixture of the gases. This bluish-violet light is 
to a great extent masked by the yellow when no colour-filter is used. 

The same thing can be recorded photographicall]^, using first an 
isochromatic plate with yellow screen, then an ordinary plate with 
a blue screen.''’’ 

Oxygen itself, or carbon monoxide on dioxide, or nitrous or nitric 
oxides, will give this effect when introduced' into the yellow-glow- 
ing gas. I wish you particularly to notice that in. these '©xperi- 
.inents the admixture does not get back- to the discharge tube. . It^ 
never ' comes , in contact with the electric discharge at all. ' Only, 
iiitrogeii goes, through the discharge. 'The oxygen-containing , gas' 
is' mixed; with it afterwards. 

' The yellow light when spectroscopically', analysed shows' a selec-' 
'■hio.n of, the ’.bands produced' , by. nitrogen in a' 'vacuum discharge, 
although "Omitting . many, 'of ’ them ■' in’.' a ."'very , strange', way. : ' It ' is, 

, simply a nitrogen spectrum, ■ ''But ’what of the bluish-violet light? 
Although,'! ,h,ave/'''spoken'''Gf it. as''.:blviish-violet, it is really in the 
roa,', in/ ultra'- violet,, a. r'ul'' it 'consists .'of two sets of lia, uds, wliicli liavo 

* Or no screen afc nil, for the xffiotographic action of th(‘ yellow iighi. in Mic 

'latter '''case 'is ' relatively; tdo' ,'weak,:,to;be '■ wqrth^oonsi%rffig. 
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1)04311 called, for tlie sake of distinction, the £iiid y-groiips of 
bands. The ^doands are. not at present known to be produced in 
mij O'tlier way, but the y-baiids occur when oxides of iiitrogeii 
(iiitrotis or nitric) are introduced into a Bunsen flame. They do 
not occur in a Bunsen flame burning in the ordinary way, which, 
o;f course, coiit'ains oxygen and nitrogen separately, and tlicase facts, 
taken together, wmild seem to suggest very distinctly that the spec- 
trum ill cjuestion indicates oxidation of nitrogen. Is there, then, 
a,iiy oxidation when oxygen is led into active nitrogen, and this 
s]>ectrum results ? Careful testes of the products with the extremely 
sensitive tests available (Griess’s reagent) have convinced me that' 
no oxides of nitrogen are produced. I have been reluctant to' 
accept this conclusion, and have returned again and again to the 
subject, always with the same result. It- would have been satis- 
factory to find that the isolation of active nitrogen would help us 
to understand the processes occurring in the arc process f or^ oxidising 
nitrogen, and it is still possible that something of the kind "may 
be made out. Koenig and Elod in -Germany have stated that a 
particular kind of active oxygen (not ozone) can be produced by 
electric discharge which will unite directly with active- nitrogen. 
I have attempted to repeat these experiments, but have hitherto 
been luiable' to satisfy myself of their correctness. I do not wish, 
howwer, to speak too positivel 3 r on the subject. 

However this may be, it is remark-able that whilst active nitrogen 
will attack carbon compounds, even methane, to form hydrocyanic 
acid, it will not react either with oxygen or with hydrogen. 

Hitherto, we have- considere-d chiefly the properties of active 
nitrogen' when formed. It is also, of interest to consider the con- 
ditions for its formation. These, present many puzzling problems, 
and in this connexion,! shall have to content myself chiefly, wiih 
re-cording facts rather .than tlieories. 

us first consid,-er what kind -of electrical conditions are best. 
Ill the first place, it is far preferable- to- work at a low gaseous 
pressure , a, few inm. of mercury. The .reason .for this seems to be 
that , collision with ordinary’ nitrogen ' molecules, tends in 'som«3 .way 
t-o the . destruction of active .nitrogen, altho'ugh how this occurs is 
.not/ clear. 

.The next point is that a- Leyden .jar discharge is nmcli, pref-erable 
. to discharge of an 'mductio-n coil without a 'jar. , As .is' ' well 
known,' -the. effect of the j.ar is' to. store up, electricity and .allow' it 
to 'discharge 'suddenly.' through the ,-gas, , In-, these: circumstances, - 
the- mo'meatary , current density is very high, and the 'nat'ure'-'of the 
.rlis,charge,is altered in other ■■■respects': -the' peculiar phenomena of 
negahiye-'.-dark \ space" and, n6-gative,.''''gldw--''' ,',ar-e 3 ,'obK'te^^^ and the 
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spectnmi of the light along the length of the discharge is modified ^ 
losing its reddish colour and becoming much bluer. At the same 
tiniOj the production of active nitrogen is much increased. Accord- 
ingly, the Jar discharge is generally used in experiments on active 
nitrogen. 

Not only is the jar discharge the best, but if an iiiicoiicleiised dis- 
charge (without Jar) passes through the gas after a jar discharge, 
it is positively destructive, undoing part of the work which has 
been done by the jar discharge. This is illustrated by the experi- 
ment of Fig. 3. We allow a stream of the rarefied nitrogen to pass 
in succession through the discharge tubes A and B and the observa- 
tion vessel C. The Jar discharge passing in A produces active 
nitrogen, recognised by the orange glown If we start an uiicon- 
deiised discharge in leaving other conditions unchanged, the 


Fig. 3. 



brilliancy of the glow in G is' diminisliecl, proving, the, destructive 
effect above referred to. 

This and other evidence proves that- the production .o-f ' active 
nitrogen by the discharge is of the nature of a reversible reaction. - 
The , concentration only- attains a certain limit, which may be 
lowered if the conditions become less favourable., ; 

,,, 'W© may consider the analogy of this to better bnow,n, cases - of. 
the .production of 'endothermic substances, .- Consider, for . i-iist-ance, 
,th© known procluetion of ozone;' from' '-oxygen, by, the, action - of a 
high „"temperatiir©. ' -Th©' concentration 'of ,,02:011© ' iiicr eases' with ; the ' 
'temperature nl,' 'the hot tube,' and ,'t-lie, object .is to cool the'hot, gases, 
a's quickly,, as, possible, so as to, preserve ;the)'Concentrati-on„ cha'ra.ct'er-' 
istic of,, a ,'high temperature.',' '.Tf.'we siibse'qiiently passed. the ozonised' 
'■'Oxygen , -through ".'a,, less' - s.trongly- he-ated'.tube, ,;w© should . fiii;d\,..the 
;concen'tr'ation- 'lo'-we-red,.,' Thereby.-,". .'-In;,, directing ' -'' attention.' .■.-.tO’ -Thia.^ 
analogy,,,.' I, do ',n,d,t','Wish, tO';,commit '.myself, 'to^:the w,ieW;'':that' the„;;:action; 
of th6',''';di'scharg©-'--is;)-' necessarily; '„duA' tO'hhigh,',;,t 0 mperature'.' ',",';,-Thef,©; 
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rii*e iriaiiy doulrts a.iid obscurities oversliadowiiig any tlieory of i^lialv 
Iviiid. 

A’ifclioiigli, as we liave seen, tlie condensed discliarg’e is tlie uiost 
eflicieiit for activation of nitrogen, it is worth while to go I,)ack for 
a inomeiit to the iiiicondensed discharge, or steady current idiroiigii 


Fig. 4. 



the gas, produced preferably by means of a high-tension continuous- 
current dynamo. In this case, the discharge presents several dis- 
tinct features. There is the Crookes's dark space near the cathode, 
the blue negative glow, gradually fading off to the darkuesS' of the 
Faraday dark space, and then the red, positive column extending 

to the anode. These features are indi- 
cated in the slide (Fig. 4). We may draw 
a current of nitrogen transversely across 
any part of this discharge (the apparatus 
used ■ is shown . ill Fig. 5) and obtain 
activation. As might be expected, the' 
intensity of activation is not the same in 
the different parts of the discharge. The 
ordinates of the curve drawn above; tlie 
figure of 'the discharge tube' show the 
comparative intensities' in ' the different 
parts of t'lie tube, and it will he seen that 
the' blue 'negative 'glow,, particularly in 
the' immediate neighbourhood of the 
cathode, is the part of the discharge where 
activation ■ is ■ '-strongest. It is worth 
noticing, and may be significant, that the 
bluer ' kind' of discharge, whether obtained 
by approaching the cathode or by iiitro- 
diicing U' Le3^den. jar,' is the niO're efficient' 
in producing active nitrogen . 

■.''.M'uch more might- , be'' sa'id about the electrical conditions for 
'prod'iiciiig : active Anitrogen,'.. but T. ' wiil, pass ' to wliat,, 'from, thO',, 
point olM' vie'w, 'may be'' of' more,' i. uteres t. 'In tli'C Roya.’! 
Institution ieeiur-fk"' iii'dff 13, '.which has' been inentioned, I ' referred 
to certain coiiclii'Sions ,\vhich':,''C'omte, and,' also Tiede' and, Doinckey' 
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r^riclied, in Clermaiiy. Their conclusion was tliafc the }}lieiio- 
itiena which. I liad described in connexion with active nitrogen did 
nob occur unless the gas contained traces ol oxygen, a:iid the last- 
two authors went so far as to' conclude from this that there was 
no such thins as active nitrogen. I said at the time that I was 
satisfied they were entirely mistaken as to the necessity for oxygen ; 
but I now recognise that I spoke over confidently, and that this 
was too strong an expression to use. I think yon will agree with 
me that the experiments I have shown you this evening on the 
formation of hydrocyanic acid and of nitrides are not easy of 
interpretation if the existence of active nitrogen is denied; but 
there was this much of truth in Tied© and Domcke’s conclusion- — 
that very pure nitrogen does' not yield active nitrogen under the 
influence of the discharge, and that a trace of oxygen added will 
make it do so. What they did not discover, but what I have found 
since, is that a trace of almost any admixture will have the same 
effect. For instance, a trace of methane or ethylene will do it, or, 
again, carbon dioxide, or carbon monoxide, or hydrogen sulphide, 
or mercury vapour. In the experiments on which I relied when 
I denied the validity of Tiede and Domcke^s work, my attention 
was concentrated on the removal' of any trace of free oxygen; this' 
did not result in reducing the glow, and I now appreciate that this 
was because other impurities were present. I was right in denying 
that oxygen was essential, but I was , wrong in saying that pure 
nitrogen was ail that was needed. 

: The inethod which I, have generally used for, preparing nitrogen 
is to take the conirnerciai compressed gas, prepared by the rectifica- 
tion of liquid air, and to store it over water in a gas holder, in 
which is hung up a perforated ..metal bucket .containing phos- 
phorus. Gas prepared in this way always gives active nitrogen 
freely. To begin with, it is moist. I have always dried it with 
:an ordinary tube of phosphoric oxide, but if the sp-ectru;ni of the 
g,iow is photographed, it still shows- the jS- and y-groiip-s , of ■ bands 
characteristic, of ox:ygen compounds present in active, .nitrogen. 
'Passage over very, long tubes ■ tightly ■ packed with- granular phos-: 
-'phoric oxide reduces the '' intensity of these bands almost to the' 
"vanishing point. 

'When 'they , disappear, however, another- impurity-, is uiim-askedy 
for - til© violet, and - .ultra-violet ' bands - characteristic ■. of, cyanogen 
compounds 'appear,'- showing that -'-hydrocarbons-; are •pr'es-eiit,' ,,'a-n'd 
react „, with' the active nitrogen .. to- . -yield ; ■ - this ' .spectrum . " ' I-,','- have, 
tried' .to .get rid ...of .these -cyanogen .'bands.-,, by' employing- ''Sp.ecialiy-' 
-pure, phosphorus., „ which, I„-:.owe.'to the'kindnes's of 
without success., - We cannot get pure nitrogen by this method, 



208 


STR-'O'TT : EECEHT STUDIES OE' ACTIVE N'lTROGEH. 


it. is fairly snceessf lil in removing oxygen and oxygen 
(vniipoiinds. 

I have not Iiit on any Teally convenient plan for getting nitrogen 
SO' free from impurities that it does not yield active nitrogen. ■ The 
iTietliod that lias served me best is to heat the commercial gas in 
a globe of 4 litres capacity for many hours at 300° with metallic' 
sodium. It is desirable, if mot absolutely necessary, to avoid using 
sodium which has been stored in oil, and thus contaminated with 
hydrocarbons. The globe once set up serves for repeated charges 
of nitrogen, and seems to perform better after it has been used 
repeatedly. 

Hot sodium has the advantage of destroying nearly all , the 
impurities that might be present in the nitrogen, for example, 
oxygen, water vapour, carbon dioxide, hydrocarbons. Hydrogen, 
it is true, is apt to be liberated, but this for the present purpose 
is comparatively unimportant. G-as taken from the globe A 
(Fig. 6) (which is allowed to cool after the purifying process is 
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over) is. led through the discharge' tube and, the .bulb /, when, 
if any . active nitrogen .is produced,' we shalLsee the characteristic 
glow. The glow from the gas' 'purihed in^ this way may be got 
very faint, verging on. invisibility, and '.we can. then restore it by 
admission : of a' suitable impurity in very minute, amount through 
the capillary tube ' The exact manipulation in connexion with, 
'this admission .'of the.gas' need .not' detain us now; I have described 
it' in one of my E.oyal Society papers. "The general method is to 
increase 'the feed at the outer end of the capillary from low pressure' 
towards, atmospheric pressure until the effect becomes appreciable. 
; '. The. ..flow. of '.nitroge'ii was regulated', by hand, so as to maintain 
a.'rate of' 2*6 litres, per hour,. and- the tributary stream through the 
.'..'fine capillary „ could ' be com,pared with this, so as to,' show what 
fraction of, impurity was being added,. ' With oxygen, for instance, 
"the. effect'^' was. perceptible with 'a tributary 'stream; of .'I c.c. "'per 
..'hour,:; and '3''5 ■ c,.c. pro-duce,d , the maximum effect.. " „ In. .the, 'latter 
case, the oxygen added was-: 1/ 750th ; part 'of the "whole. . If we add 
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tiiiicli more oxygen tlian tlris, ilie yellow gl.ow begins to be 
a-iid 2 per cent, adroixkire destroys it altogetlier. 

As I have explained, oxygen is not tbe only adiuixiure tliat 
brings in tlie yellow glow again. Among gases that do not con- 
tain oxygen, hydrogen sulphide, ethylene, and metliaiie will do 
the same. Methane acted when present in very small coiiceiitra- 
tioiis. It had a perceptible effect when only l/30,000tli part was 
added to the nitrogen stream. 

I have seen a criticism of these experiments in which it is sug- 
gested that no sufficient precautions were taken to guard against 
traces of oxygen or oxygen compounds in these added gases. This 
criticism does not seem to be well considered. If, for instance, we 
supposed the methane (-which, as a matter of fact, was carefully 
prepared from aluminium carbide and purified by licpief action and 
fractional evaporation) to consist entirely of pure oxygen, the 
observed facts would not be covered, for the methane added in the 
experiment just cited was only about l/lOtli of the miiiimuin 
amount of oxygen required to produce an observable effect. 

This action of foreign substances in encouraging the production 
of active nitrogen is very mysterious, although not perhaps more 
so than the necessity for minute traces of water in 'many common- 
place chemical reactions, which has been so admirably established 
by my colleague, Prof. Baker., I was at one time hopeful of con- 
necting it with a change in the conditions of the electric discharge, 
and it is true that the introduction of a trace of oxygen, for ex- 
ample, considerably increases the drop of potential over the cathode 
at the same time that it increases the yield of active nitrogen. 
On the other hand, we may .-arrange so that, the stream of nitrogen 
gas does not reach the cathode, but is led awaj' after being exposed 
to -the positive part of the. discharge only.,. In this case,' we' find 
that a trace of oxygen produces the usual f avo.urable effect , on the 
generation of -active nitrogen without . at . all affecting the electrical 
conditions -.in that part, of the. discharge which, is operative. 

The whole ' of this part of .the subject requires further ' study 
and,, in conclusion, I must admit .'that -.investigations, '.now Masting, 
'more than seven years, have only' touched the". fringe of the su.bject',. 
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XXi V. -—Studies in the Phcnylsuccinic A cid Series. 
Part VI. Racemisation Phenomena Observed 
during the Investigation of the Opticalh/ Active 
Phenyl- and Diphenyhsiiccinic A. eids and their 
Derivatives. 

By Heney Wren. 

It lias been recently shown (Wren and Still, T., 1917, 111, 1019) 
that the esters of r- and meso-diphenylsnccinic acids are inter- 
convertible raider the influence of alkali. To quote a specific ex- 
ample, ethyl r-diphenylsuccinate is almost quantitatively trans-, 
formed into the ester of the m^:,9o-acid when its alcoholic solution 
is treated with a solution of sodium ethoxide* in ethyl alcohol ; 
also, when the ester is hydrolysed with an insufficient amount of 
aqueous ethyl-alcoholic potassium hydroxide solution, the noii- 
liydrolysed portion is found to have suffered partial isometisatioii, 
with the production of ethyl mcsodiphenylsuccinate. Since, in 
solution at any rate, ethyl r-diphenylsuccinate may b© regarded 
as a molecular mixture of ethyl (;:?-diphenylsuccinate and ethyl 
/-diphenylsuccinate, it was to be expected that the esters of tli©' 
optically: ' active acids would separately undergo similar ■ trans- 
formation, and would therefore become racemised, the possibility 
o:f a balanced action being excluded in this case, since any further 
isomerisation of the mc.?o-ester^' which' might be formed would 
merely lead to the production of' the r-ester. ' The , tlieoretical 
expectations have been fully confirmed by a s6r:i.es of e:xp'erimeni'S. 
with the methyl and ethyl esters of the optically active acids; .A 
typical exa:mple is furnished by. the for;ination of, ethyl' nieM)- 
diphenylsuccinate as , a product- of ■ the -'action of ethyl- alcoholic' 
sodium ethoxid'e on ethyl Z’‘*diphenylsucci:nate. ■ Similarly, whe'u 
,, e'thyl <r7'diphenyl8uccinat-e-is. hydrolysed with an , insufficient ammiiit 
of ,, aqueous ' ethyl-alcoholic -'potassium hydroxide s.olution, the nom 
, hydrolysed portion is found to be, almost' inactive' towards polarised 
light ,a,nd . to consist practically entirely of ethyl. w<f^. 9 acliphenyl" 

; - succinate. It would thus- appear that the 'facemisatioii' previously' 
" observed to occur during the hydrolysis- of es'ters of the ■ optical ly 
' active. d,iphen-ylsuccimc acids’'(Wren ■an-d 'Sti'lI,' T., .1915, ' 10'Y,,"145'4) 

■ takes plac©' iU' part,- at any rate, .previous to' the actual hydrolysis, 
and is thus due to rearrangement of the ester, and not of 'the acid*' 
" The greater liability of e-sters' as: compared, with, the corresponding 
,-, acids,' to -racemisation .u-nd.er,, the' ....-influence- of alcoholic alkali has 
been pointed out by Gadamer (fJhcni. Zeif., 1910, 34, 1004; J\ ]i\ 
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CheNi,, 1913^ [ii], 87, 312), who found that, whilst the esters of 
tropic acid are readily raceinised, the acid itself is not raceinised 
by hydroxyl ions. This difference in behaviour is ascribed to the 
ionisation ■ of the acid at the carboxyl group, whilst the ester, which 
behaves as a pseudo-acid, only becomes ionised in the presence of 
hydroxyl ions, thus : 


llO-CHg^^^COaH 

HO-CHj-^'^^GO.R 

Tropic acid. 

Esters of tropic acid. 



HO-CHj^^^COg 



It lias, however, been pointed out by Frankland (T., 1913, 103, 
725) that the racemisation may be. due to loss of asymmetry caused 
b}^ faiitomeric change previous to ionisation, thus : 




HO-CH, 


li 

COoR 




The only instance of racemisation of an ester previous to hydro- 
lysis which appears to have been noted in the literature is the 
observation of McKenzie and Widdows (T., 1915, 107, 713) that 
^menthyl rZ-pheiiyl-p-tolylacetate is, in part, catalytically racemised 
by alkali prior to its undergoing hydrolysis. In a case which pre- 
sents some analogies, Wren (T., 1909, 95, 1596) found that the 
portion of the ester which escapes conversion into amide is partly 
inactivated when methyl ^ J-mandelate is acted on by cold alcoholic 
ammonia. " ■ 

The observations have been extended to, the optically active 
pheiiylsuccinic acids and their esters, since, the latter substances 
are much more readily soluble than the derivatives of the diphenyl- 
succinic acids, and therefore allow the course of racemisation to' 
be followed directly by polarimetric measurement. , It is ■ thus 
found that ethyl and methyl e^-pheiiylsuccinates are rapidly and 
completely racemised by. the action of a solution of the requisite" 
sodium alkyloxide in ' the corresponding alcohol, .and also . that when' 
the latter ester is treated with potassium hydroxide dissolved ' in 
'slightly aqueous ethyl 'alcohol dn' quantity insufficient for, complete 
hydrolysis, the ' non-hydrolysed portion' ^ is ' 'almost' ■■ completely 
racemised , under the ' conditions ■ described ■ in the : experimental 
section;,of the. paper,. ' ' 

'■Some' time ago, 'it was', found by-. Wren' a,,nd ' 

I0'9, 579),, that ■a'.paitly'nacemisedncid, was .obtained ''when,, methyl 
■ri-phenylsiiceinate is hydrolysed by an excess of aqu^eous ethyl- 
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alcoholic pota,ssiiiiii hydroxide solution. Tinas, in one €x|)el,^irlle:!'l;t'., 
the ester was heated with about six times the thoorotically neces- 
sary qiian-tity ■ of potassium hydroxide dissolved in a,t|ii€oiis ethyl 
alcohol (water : alcohol :: 1 %ml. :2 vois.), when the recovered acid 
was found to have 4 - 110 ' 2 ^ in acetone soliitioii, whilst the 

parent acid had [a]!fN- 175*4*^. The considerable activity of this 
acid became somewhat remarkable when considered in con junction 
with the almost complete raceniisation of the iion-hydrolysed ester 
ill the experiment just quoted, and pointed to a profound iiifliieiice 
of the varying factors, namely, the amount of potassium hydroxide 
and the wmter content of the solution. The effect of variation in 
the latter w^as therefore studied, and was found to exercise a very 
marked inffueiice on the optical activity of the recovered acid. 
In three, strictly comparable experiments, in which the only differ- 
ences consisted in the use of absolute-, approximately 80 per cent, 
and 50 per cent, alcohol respectively, the acid formed by hydrolysis 
was found to have [ajjj-pS'P, +59‘P, and 'flOO'S*'"^ respectively 
ill ■ ethyl-alcoholic solution in which the parent acid had 
[a ]|5 -f 147*4°; under closely similar conditions, the latter acid was 
found to be unaffected by the action of an excess of alcoholic or 
aqueous-alcoholic sodium hydroxide solution. 

During the last few years, a . considerable amount of evidence 
has been accumulated which indicates , that . racemisatioii under 
the influence of alkali may frequently be attributed to keto-enolic 
desm,otropy, ' with consequent disappearance of the asymmetry of 
the compound. „ In the present instance, the, inactivation, of 
methyl d^-phenylsuccinate when 'acted on by sodium methoxicle may 
be due to the formation, of the,enolic form,. thus: 


C^H'/COgMe 

GB.Ph*C02,Me 


GHg^COaMe 

CPh 



ONa 

OMe 



(^.H/COaMo 

OHPlrCOgMe 


Active. ■ ■ Inactive. 


Inactive. 


-■ ,The' -evidence' which ,has been brought-, forward- in favour of such 
■anvexplanation of : ,rac,emisation in -analogous case, is, so far,, of,, a' 
.'purely qualitative nature;, in -no "/single - .instance 'has .the ,', enolic 
form ' been isolated or its- amount determined. . ■ The, actual separa-' 
,ti,on, of., .the .enolic' m,odifi cation,,' '-would: doubtless , be .a,, matter: of - 
great, difficulty-' in many-, cases, '.since ^ the .propo-rtion, ' of ;enol-M 
-molecules need be but infinitesimal to. account ,for"the.,.ph.enoine'na 
of ■ racemisation. On- the .other, hand, .it, was lioped to' be: able .to 
bring quantitative,' 'evidence of the presence of,' the', enolic.'m 
tioii by' utilising,- the.'.me^^^^^ adopted .by .-K. H. Meyer' 1912, ■ 
45, " ,'2864),:;'in':'-,Ms' ,'inves-'tdgations':"on--:'e1hyi',:;,:nM^^ 
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iiietliaiietricarbosylate. Direct titration of a iiietliyl-alcoiiolic 
solution of iiietliyi d- or r-pkenylsuccinate witli bromine failed to 
disclose tli© presence of any eiiol, and a similar result was obtained 
when experiments were performed on tlie esters dissolved in methyl- 
alcobolic sodium metlioxide solution,, altbougli under tlie latter 
conditions ethyl malonate was found to be largely eiiolised. The 
experimental conditions were not greatly varied in this case-, how- 
ever, since the objection could possibly be raised that, in order to 
demonstrate the point at issue, it would be necessary to show 
definitely that eiiolisation occurs in such a manner as to form 
compound I, and not II ; ' 


CHa'COgMe 

CPh 


^ "-OMe 


(I.) 


n^ONa 

GH 

OHPlrCO.Me 
(ID “ 


It is hoped to apply the method, however, to esters of certain 
monobasic acids to which this objection cannot be urged. 

Lastly, if racemisation be attributable to the formation of an 
enoiic derivative, it would he expected that the nature of the basic 
atom or group of the alkali would have an influence on the result. 
Experiments on the hydrolysis of methyl cZ-phenylsuccinate with 
aqueous ethyl-alcoholic tetramethylammonium hydroxide solution 
were therefore performed ; racemisation was found to be even more 
pronounced than with potassium hydroxide solution under nearly 
similar conditions. 


Expebimental, 

Formation of Ethyl memDipheriylmGcinate from Ethyl 
d- and l-I)iphenylmceinaie$, 

A. By the Action of EthyUalcoholic Sodium Ethoxide Solution.. 
—Ethyl ^-diphenylsuccinate (1 gram) - was warmed, with, a ^ solution 
of, .sodium .- ethoxide in' ethyl alco-hol (G*,6,66A; :20 c.c.), in ,.a-' closed 
vessel to " about A 0^, when it dissolved ' completely ; the solution- was 
allow6,d' to cool to the ordinary temperature, when it became,', almost 
solid. "' After remaining ''during - three days '■ at ■ the temperature - of ■ 
the' laboratory, the' precipitate- was , removed .. and washed, 'S'uccessively'' 
with ■ ■ alcohol, warm'' .' water, ' and, -finally, - .alcohol. , , ■ It melte,d '"at, 
'1 39—140*^, , ,and was optically, 'inactive „in, acetone solution , After - 
being' crystallised from rectified spirit, ethyl mesodiphenylsuccinate 
",was'; obtained-: -in ■.'w-el'l-defmed--' nee,dlesV melting, at, ,:, 
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gi'Mius) was lieat^ed during four hours with aqueous etliyl-alcoholic 
|)otassii:iiii hydroxide solution (()'25i\^; 15 c.c.), this being aboiri:.' 
tliree- fifths of the quantity required for complete hydrolysis. The 
solution was diluted with water^ and the uiiattacked esters \¥eTe 
extracted with chloroform. The residue, obtained after rein oval 
of the latter, melted at 138 — 140°; it had in acsetoiie 

solution (^=--2, 1*113, 033 + 0*12°), whereas the pure <':/"ester has 

[a]};-* +279*4° under similar conditions. After being crystallised 
from rectified spirit, it yielded, pure ethyl ///.c6*udiplieiiylsiicciiiate, 
which was optically inactive in acetone solution and melted at 
140~-141°. 


Forfnatio7i of Methyl mesoIJiphenyhif^^ from Methyl 

h and MDifhemjUiiceAnateB. 

A. By the Action of a MetliylmUoholic Soliiiion of Sodiuni 
MefJtvside , — Methyl ?-diphenylsuccmate (1 grain) was heated in 
a sto|3pered flask during four hours at 55 — 65° 'with a. solution of 
sodium methoxide in absolute methyl alcohol (0*704iF ; 60 c.c.)'. 
When the solution \vas cooled, a quantity of fine, prismatic crystals 
separated, which were, removed, ' washed with water and methyl 
alcohol, and dried. After being crystallised from acetone, the pro- 
duct was obtained in well-defined needles, ’ wfii.ich were ' optically 
inactive when dissolved in chloroform (/=2, c — 0*5115), and were 
identified as .methyl w.c^iocliphenylsxiccinate by their crystalline 
form,, melting point (218*5 — 219*5°) alone, and when mixed with 
an. approximately equal quantity of the synthetic mc,^o-ester. 

B. iiy Partial Ilydrolyds , — A solution of xnethyl /uliidie/iiyl- 
siicciiiate (1*5' grams) in boiling methyl alcohol (100 o.c.) was heated 
during four, hours with aqueous 'methyl-al.cohol.ic potaBsiio.n hydr- 
oxide solution (0*593A; 8 ’c.c,), this' being approximately half tl:ie 
quantity' of alkali required for the complete }'.iydrolysis of ' this 
a.moiint of the ester. ' The alcohol' was removed on,. the waten-batli 
and the residue warmed with water.- The' unclissolved 'portlo.n was 
removed and dried. It' was" o'ptically inactive wlien dissolved ii,i 
.chloroform" (1 = 2, c = 0*8365),, and, . after hehig crystallised .froia 

. 'acetone, - yielded,, methyl me-sodiphenylsucciiiatev which molted pit 
213*5, — -219*5°; the melting ' point was unaltered -, by ■ admixture with 
the ' synthetic ,mm-esterh 



ACID SERIES, PART VI. 


215 


Eace/nisatio7i of Methyl and Ethyl dE^heiiyhiiceiiuiteB under fJie 
In’fl.uence of jilhali. 

A. By Sodium Alkyloxide.' — Methyl ^i-plieRylsiicciiiate (0'8157 

gram) was dissolved in methyl-alcoholic sodium iiiethoxide solution 
(20*5 c.c.)^ and transferred as rapidly as possible to a 2-dciii.. tube. 
Approximately three minutes after being prepared^ the solution 
had ajy + 8®, but the field was somewhat cloudy, and the activity 
altered too rapidly to allow of accurate measurement. After about 
fifteen minutes, the value had decreased to -r3'5°, after forty 
minutes to +0*5°, after seventy minutes to +0*17°, after one 
hundred minutes to +0*05°. After two hours, the solution was 
poured ' into a slight excess -of dilute hydrochloric acid. The ester 
was extracted with ether, the ethereal solution washed with sodium 
carbonate, and dried over calcium chloride. The residue, obtained 
after removal of the solvent, solidified readily, and was optically 
inactive ill acetone solution (^ = 2, c = 1*655). After being crystal- 
lised from light petroleuin, it yielded characteristic clusters of 
prisms of methyl 'r-phenylsuccinate, which melted at 57*5—58*5°. 
The melting point remained unchanged when the substance was 
mixed with the synthetic r-ester.. . . ■ 

In a similar manner, ethyl (d-phenylsucciiiate (0*9964 gram) was 
dissolved in ethyl- alcoholic sodium ethoxide solution (1*059 A; 
20 C.C.), In this case, racemisation proceeded so rapidly as to be 
almost comiilete before polarimetric measurements could be made, 
and the , solution had become quite inactive within ten minutes. 
Since the liquid nature of the- ethyl r-ester rendered the identifi.ca- 
tioxi of a small quantity of it a matter of difficulty, water was 
added to' the: solution, and the ester hydrolysed. ' The result-, 
iiig r-pheiiylsucciiiic acid melted' at 1 67-— 168°, whereas Higson 
and Thorpe (T., 1906, 89, 1470) give' 168° as the melting point of 
this acid. 

B. By Peirtial }Iydrolyds—M.e^\jVd-^^ (3 'gram:s) 

,waS' heated to boiling ; during two" a.nd , a-half hours' with slightly 
aqueous methyl-alcoholic potassium- hydroxide ■ solution 

25, this being .rather "more than one-third of .the quantity 
theoretically necessary i.'or complete hydrolysis. , .The^ alcohol was 
removed on the water-bath, "and' .the' residue ' mixed , 'with, water' and; 
'shaken, with .ether.', 'The residue (about "0*3 . gram) obtained after' 
.removal,' of ^ the ether : s'olidified readily,' and 'had [a] 23 ,' + 2*l'2°,,"w,h:en' 
vlissolved in acetone (7='27 C’~'l *'1,78,. ■%': +'0*05°),'' 'whereas'" the pure' 
'ester, has '[a]!? '+'152*2°,' ;unde,r ' '"similar conditio'ns',' '."After;;,, beings 
•crystallised 'from light petroleuin (b. p. 40 — 60°), it yielded pure 
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iiietliyl r-plieiiylsiiccinat'e, whicli melted at 57- — 58*5°; tliis va-liie 
remained iiii change cl after admiKture with the synthetic ester. 


Action of Alkali on l-Phenylmccinic Acid. 

The /-phenylsiiccinic acid used in these experiments had 
[o]d “ in ethyl-alcoholic solution, a value which agrees well 

with the data of Wren and Williams (Zoc. cit.). 

Three coinparative experiments Vi^ere performed, in which the 
acid (1 gram) was treated in a closed vessel with («) sodium 
ethoxide solution (r059i\^ ; 50 c.c.) and absolute ethyl alcohol 
(20 C.G.); (h) sodium ethoxide solution (50 c.c.), alcohol (20 c.c.), 
and water (0*95 c.c.), and (c) sodium ethoxide solution (50 c.c,), 
alcohol (10 C.C.), and water (10 c.c.). In each case a certain 
amount of precipitate separated. The mixtures were heated with 
frequent agitation during five hours at 70^, then neutralised with 
h 3 rdrochloric acid, and evaporated to remove alcohol; the acids 
were isolated by extraction of the acidified solutions with ether. 
The dried acids were polarimetrically examined in ethyl-alcoholic 
solution, the , values for ■ the specific rotations being (a) —146*6® 
(^ = 2, iJ = 2*8815, -8*45®), {h) -145*6® {1^2, tf = T691, 

% -4*92®), and [c) -146*2® {1=2, c = l*7035, -4*98®). In no 

case, therefore, was any evidence of racemisation obtained. 


Ooniplete Eydrohjm of Methyl d-Phenylmccinate hy Alcoholic. 

Sodium Hydro'xide containing differing Pro'portiom of Waler, 

Tn these , experiments, the- weight of ester and alkali,, the total 
volume, of the solution, the temperature, and duration were iiiaiii- 
taiiied ..uniform, , the only variation' consisting in the replacement 
: of differing volumes of alcohol hy 'Water, ■ Stock , solutions of ester 
were, prepared by '.dissolving 2 grams of the latter in 30 C'Xv of 
ethyl alcohol, and of alkali by dissolving sodium in absolute ethyl 
alcohol,; the latter solution'- was 'TLY, Ten c.c. of the ester solu- 
tion were mixed with (a) alkali solution (25' c.c.), alcohol (25 c.c.), 
and' water (0*45 c.c.); (6) 'alkali' -solution (25 c.c.), alcohol (15'c.c.), 
■water' (10, c.c.), . and, (c) ' alkali' solution : (25 . c.c.), water - (25 c.c,".). 

'., The' .so'lutions- were heated in, 'clo'sed flasks during' four' hourS'''-a't 
', 60'~65®;-', precipitates speedily '„' separated ..in (< 2 ),, .and' (6) b'Ut '",(c) 
remained ; homogeneous ,' throughout.' The - resulting mixtures were - 
nearly neutralised with hydrochloric'' 'acid 'and evaporated tO', remove 
'," -alcohol ; ' the'",; aqueous - ', solutions' ' - were, extracted , with- - ether „■ after 
' .'acidification ' with -mineral' .acid;. ■-,- .'The,.,residual ,'phenylsuccinic ■■ .acids 
were polarimetrically,- 'examined in ethyl-alcoholic solution, when 
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tlie following values were observed for tbe specific rotation: 

+3*P (P-=2, c-2-2391, a^+0‘U^); (b) +69"P (^ = 2, 

= 4-2'26‘^); (c) +100-3^" (^ = 2, c-2-0731,, +416°). 

Complete Hydrolysis of Methyl d-PlieQiylsuccinate hy AqueoiiS' 
Alcoholic T etramethylammonium Hyd/roxkle Solution. 

Til© solution of tbe alkali was prepared by warming an aqueous 
solution of tetrametbylammonium iodide with a slight excess of 
silver oxide, and removal of silver iodide and iiiiclianged oxide. 
Til© filtrate was concentrated to 14 c.c., and then diluted with 
ethyl alcohol to 55 c.c. An approximately iV-solutioii was thus 
obtained. 

The methyl «:7-ester (1 gram) was heated during two and a-half 
hours with the solution described above, and the ' corresponding 
acid isolated in the usual manner; it melted at 164— 1G8‘5°, and 
had [a]j^ 'f 10*P in ethyl-alcoholic solution (i^ = 2, c = 3*329, 
+ 0 * 670 ). 


Action of Ferric Chloride on Methyl A-Phemphuccinate. 

It has been shown hy Meyer' {Ber.^ 1911, 44, 2725) in the case 
of ethyl acetoacetate that ferric chloride exerts a direct enolising 
action, Th© behaviour of an ethyl-alcoholic solution of methyl 
<r7-ph©nylsuccinate towards anhydrous ferric chloride has therefore 
been polarimetrically investigated in the expectation that enolisa- 
tioii, if induced at the asymmetric carbon atom, would betray 
itself by racemisatioii. The ■ solutions, however, were found to be 
optically stable under these conditions. 

■ Methyl , ef-phenyisiiccinate (0*4869. gram) was dissolved in ethyl 
.alcohol and the solution made-up to 20 c.c. ; a, portion of this solu- 
tion had + 6*73° when examined in.a'2-dcm'. tube, and this value 
had not changed ' at the end of forty hours after, the addition of 
a small quantity of ferric chloride. A further portion of' the 'latter 
.substance,' was added, and the solution allowed to. remain . 'at . the 
.'..'temperature' of the "laboratory 'during' nine,' days,, at the', end "of 
which'- per io.d 'the ester was.iso.lated and 'examined in ethyl-alcoholic 
'.'.solution-; it had [a] 3 ^ '+- 129*8°, whereas the .value' '+,138*2° had' been, 
determined for . the' original , 'specimen. '. 

' ''' Pdssid)te[BnoluaUon Methyl Phenyhuccmate in SoJntion. 

,'-M'e',thyl','"'„c^-pheny,lsucciiiate (0*6369.. gram) :' and methyl r-phenyl- 
''succinate (0*4496 gram) were-.-separately dissolved in methyl alcohol 
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(20 c.c.) and titrated witli an N /lO-solntion of l>roinine in the 
same solvent until a faint, permanent, yellow coloration was pro- 
duced; O' 55 c.c. of bromine was required in eacli case, whilst, in a 
blank experiment O' 60 c.c. was necessary. 

Metliyl J-pkeiiylsuccinate (O' 3292 gram) was dissolved in a well- 
cooled metliyl-alcoliolic solution of sodium nietlioxide, and tlie 
product poured into an excess of a solution of bromine in metliyl 
alcohol containing hydrogen chloride. Excess of bromine was 
removed by the addition of jS-iiaphthol dissolved in meth}/] alcohol, 
'and the resulting solution warmed after addition of aqueous 
potassium iodide (10 per cent.). The liberated iodine required 
0*3 c.c. of i\^/10~sodiiiiii thiosulphate solution, this quantity being 
the same as that required in a blank experiment. 

The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a gr an t which has defrayed 
a part of the cost of the investigation. 

MuNicirAii Technical Institute, 

Belfast. lEcceivect, Fehruarij 20i?/fc, 1918 ] 


XXY .-—-Synthesis of 3.: A-DihydToxy 2 :^henanthrene. 
{Morphol) and of 3 : 4:-Phenant}iraqmnone. 

By George Barger. 

Two years ago a note’ was 'published (T.-, 1916, 109., 568) deserib- 
,ing the preparation of 3-phenanthroh4-aldehyde, first carried out 
at my suggestion by a former pupil, the late S. W. Smith .*■ ,, As 
.there indicated, I was able to deduce the constitution., of .the aide- 
.liyde' from its conversion into 3 : 4-dihydTOxyphenanthrene (mor- 
phol). From this, 3':4~phenanthraquinone was subsequently oh- 
tamed,. and since, there has been no. opportunity of further experi- 
ment in this direction, .the preparation of these two .compounds is 
described below. Morphol had not yet been synthesised, and was 
only,, known .,as a degrada.tion . .product of 'morphine, for although 
'Pschorr,' , and Simuleanu ■.'(Ber., 1900, 33, "1810) ,, prepared its 
dimethyl ether by Pschorr ’s- well-known general 'method, they' were 
unable to demethylate this compound without reduction; on boil- 
ing' with liydriodic" acid '.they only obtained ,3-phenanthrol.. 
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Ex T E K, I M K N TA L. 

3 : i-Dih?/droivy'p^^ enan tJire ne (Morplicjl) . 

and pa'ra-liydxo-s:yalde.liydes may be converted, often 
quantitatively, into tlie corresponding dipbenols by a reaction due 
to Bakin (P., 1909, 25, 194; Ame?*. Chem, J., 1909, 42, 477). In 
spite of its convenience and wide applicability, tliis reaction lias, 
strangely enough, received very little attention. Bakin dissolves 
the aldehyde in one equivalent of sodium hydroxide and adds a 
molecular proportion of dilute hydrogen peroxide, when oxidation 
takes place at once with distinct evolution of heat. On applying 
the reaction to 3-pheiianthrolaldehyde, the sparing solubility of the 
sodium salt made it necessary to work in very dilute solution, and 
only a minute quantity of the diphenanthrol was at first obtained. 
This difficulty was readily overcome by working in pyridine solii- 
tion and limiting the amount of water as far as possible by the use 
of highly coiiceiitrated potassium hydroxide and hydrogen per- 
oxide, as follows. 

S-Plienanthrolaidehyde (ITl grams) was dissolved in pyridine 
(10 c.c.) in a flask provided with a dropping funnel and exit tube, 
and after the air had been displaced by hydrogen, 0*55 c.c. of 30*8 
percent, hydrogen peroxide and then 0*45 c.c. of 12*5 iY-potassiuin 
hydroxide were added through the tap funnel, which was washed 
out by a few drops of water. The addition of the potassium hydr- 
oxide caused a considerable rise in temperature (but hydrogen per- 
oxide alone, with pyridine, does not react). After boiling for a 
few seconds, the soiiition was cooled and excess of hydrochloric 
acid was added through the funnel. The 'solution was then, ex- 
tracted with ether, .and the ethereal extranet washed free' from 
pyridine; with acid. On evaporation ' of the ether, the' dihydroxy- 
pheiiaiithreiie crystallised; the yield of, the crude product was '1‘05 
grams. It was dissolved in 5 .c.c. , of boiling beimeiie,' when, on 
cooling, 0*61 gram separated, in- almost ' colourless . crystals, .and, a' 
further 0*22 gram was . obtained. 'by adding light, petroleum ..to the 
mother liquor, the total yield ■ of' .pure . substance' thus amounting to 
80'..per"cent. of.the theoretical. The '"substance so obtained ,' was 
,'very ' sensitive ,.to oxidation; ■ it .'instantly, reduced' silver" flitrate . i,n' 
..neutral solution, at, \ the ordinary temperature... A trace ;of ferric 
,' ; chloride gave, ,'a, .reddish-brown. .coloration,' but excess, caused oxida- 
: It ^ was recrystallised, '.from' water: a,nd., from petroleum, b. p. 
'80.— 90^, ■■ andv'then, , melted .'at' „ 142—143''^,,. ■ so that '■ .it ■.seemed' , to be 
id'en'tical', .''with'.', ..morp.hol, (O* „ Fischer and..;Vong 0 richten,,^.' 1886., 
19, 793, give 143^). By recrystallisation, it was obtained almost, 
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Out not quite col our less.' A, perfectly coloarloss speciiiieB resiiltei! oit 
siil)lii:i:iatioii in. tiie vacimm of a Gaede pump at 13CP,^ but tlie 
mate nielted at 143^'3 On acetylation by boiling witli acetic aiiliy’' 
dride and a trace of sulplmric acid, an acetyl ' compound was c)l> 

t:.aiiiecl, wbicli, after crystallisation from petroleum, 1;>, p. ,80 90'^ 

and then, from metliyl alcoliol, melted at 158*^ (0. Fiscbeic and 
Voiigericbteii give 159® as tbe meltmg point of diacetylmorpliol). 

Since' no morpliol was available for direct comparison, tlie 
dipbenol was metliylated in order to provide a conclusive proof ©"f 
its identity, for botli tlie' possible dimetbyl ethers, 2:3*- and 3:4,« 
dxmetlioxyplieiaantbrene, have been synthesised by Pschorr and 
his pupils., , 

, The crude , oxidation product -from 111 grams of the hydroxy- 
aldehyde, was dissolved in 10 cm. of methyl alcohol and, 0*85 c.e.. 
of methyl sulphate (2 molecular proportions), and,' G'72vc.c,,' of. 
12*5iy-'potassium, hydroxide-, were-' added . alternately - ''four i times. 
After adding ether, washing with sodium hydroxide, drying, and 
evaporating the ether, the residue was distilled twice under 12 mm. 
pressure. At first, crystallisation could not be, induced, but' a 'trace 
crystallised from methyl alcohol on spontaneous evaporation of the 
solvent, and bn adcling this to the main bulk, the whole solidified 
almost completely. The crystals were drained on a tile, the yield 
was 0*3 gram. When reciT-stallised from methyl alcohol hy evapora- 
tion at the ordinary temperature, narrow, rectangular plates were 
obtained meltmg at 45®. The picrate formed ruby-red crystals 
inciting at 105- — 106®, a,iid ,the dibromo-derivative colouxdess needles 
melting at 124 — 125®, The melting- points of 3 : 4-dimethoxyphen- 
anthrene, its,' -picrate, and its ..d.ibro'mo-derivative are ' given by 
Pschorr and Sirauleanu 1900,' 33',.' 1810), as '44®,' 105---106®, 

and ' 124— 1,25® respectively,-, and those .of the corresponding 2:3,-,, 
'.derivatives by ,PschoiT amlBuckow {Ber\, 1900, 33, ; 18,29) ' a-s 131®, 
',127 — 128®,, and,, 160®, respectively, so that the diphenol is identified" 
,'wit.,h „ certai'iity ' as , 3,:4-dihydroxyphenanthrene., aiid , the.,uldehyde,„ 
from which it, is derived,', , as 3-phenanthrol4-.aldehyde. 

^ : ^-Phenanthraqidnone^ C14H8O2 . , 

Having ' ■ found a -comparatively ready - method of preparing 
'inorphol, I '■ was, able to oxidise it to the^ correspo-iiding quiiioiie 
b,y.,'' Willstatter and- PfannenstiehFs 'method {Ber,^ 1904, '37, 4744). 
,Piv6"-gra''ins ,of, silver nitrate' were decomposed in a, stoppered .cylinder' 

; with', ;the' -calculated 'quantity of ' sodium hydroxide, and ' the 'silver 
'Oxi'd'6,. , was '"'-washed,, ''by'-'- decantation ' twelve times ' ' with ""w-'ater six' 
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times with acetoii3j and six times with dry ether. Then an ethereal 
solution of 0*8 gram of morphol was added, together with 2 grams 
of aiih3:^drous sodium sulphate, and the mixture was shaken, for 
fifteen seconds. A blood-red solution was formed at once, and, after 
settling, was decanted ; the silver oxide was extracted repeatedly 
with ether until the solvent was no longer coloured red. Oa 
evaporation, the quinone crystallised. It was dissolved in 25 c.c. 
of boiling benzene, when, on cooling, 0*52 gram separated, or 65 
per cent, of the theoretical. A little more was obtained by con- 
centrating the mother liquor and adding light petroleum. 
3 : was thus obtained in brilliant red, short, 
pointed prisms. The melting point is not sharp; at 125 — 130^ the 
substance blackens, and on rapid heating melts in the neighbour- 
hood of 132™-133^': 

0*1412 (dried at 100^) gave 0*4167 CO 2 and 0*0501 ' H.O. 
0 = 80*5; 11 = 3*9. 

Ci4l:Ts02 requires 0 = 80*8; H = 3*9 per cent. 

Til© substance is a true derivative of o-beiizoquinone, resembling 
1 : 2-naphthaquinoiie rather than 9 : 10-phenanthraquinoiie in colour 
and instability. It further differs* from 9 : 10~phenanthraquiiioiie 
in not yielding Laubenheinier’s reaction. 

It is at one© reduced by sulphurous acid to morphol. In the 
oxidation of the latter with silver oxide, no isomeric colourless 
form of the quinone could be observed, as in the case of o-benzo- 
qiiiiione (Willstatter and Muller, 1908, 41, 2580). It was 

easy to repeat their experiments with catechol, but not with 
morphol. 

The phenaii throne employed in making the above substances was 
purchased with a, grant, from the Besearch Fund' 'of the Chemical 
Society, for which .grateful, acknowledgment; is made. 

Listeu iNSTiTun OF Pbevuntive . Mebicine', 

■ Chfxsea Gardens, London, S.W. 
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X'KY L—The Alkaloids of IpecactiauhcL Fa/rl ILL 

By Frank Lee P^man. 

In tlie previous paper of tliis series (T,, 1917, 111, 424), it was 
sliowii tliat 0~metliylpsyclio trine gave a niixtur© coiitaiiiiiig’ 
emetine and 'isoemetin©"'' on reduction. Tlie formation of 
•as^oemetiiie was clemonstrated by tlie isolation of its benzoyl deriv- 
ative, for neitber iso-emetine nor any of its salts liad at tliat time 
been obtained in a crystalline form. Later, however, the hydro- 
hromide became crystalline, and was readily purified by crystal- 
lisation from water, and,.- from the pure salt, the hase^ hydro- 
chloride^ and hydrogen oxalate were prepared in the usual manner, 
and' also obtained' in crystalline form. On benzoylation, the base 
gave the beiizoyHsoemetine previously described. . Since emetine 
and i^fo-einetiiie are produced by the reduction of methyl p-sy chotr in e, 
it was to be expected that ?‘soemetine, like emetine, could be 
oxidised to methylpsychotrine and rubremetine, and this proved 
tO' be the, case. The view that emetine and ^'^oemetine are stereo- 
isomerides was thus confirmed, and it appeared to be of interest 
to determine whether an equilibrium between the two bases could 
be established by boiling with amyl alcohol and sodium amyloxide. 
Experiments to this end were unsuccessful, for, after fourteen 
hours’ boiling, iio evidence' of partial racemisation was obtained, 
each base being recovered unchanged except in so far as it liad 
bee'll hydrolysed to phenolic b.ases. 

The fact that psycliotrine. gives cephaeline and , fisYicepliaeliue on 
reduction, whilst the methyl ether of psycliotrine gives', emetine 
and, woemetine, indicated the -probability -that isnenietin© was the 
.methyl .ether of ismcepha-eline, and- this has' no,w' been ,proved by 
preparing 'fimemetiiie by the methylation- of 4'ooephaeline . 

When methylated under suitable co-nditions, -fis'oeinetine gi'ves a 
well-crystallised Wmethyl derivative, -''^-mMhylime/m^iine, wliicli 
proves to be the 0 -methyl ether of the isonieride of iV-inetliyl- 
; cephaeline 'previously described (T., 1914, 105, 1624); -this sub- 
'stance is tlierefox'-e 

. * ' The temi .Moenietioe is clearly appropriate to this compound, whicl’i is 
tlie methyl -ether of the u’oeephaeline described in 1914 (Carr and Pyiiian, T., 
,-.1914,, 105, .1591), and the parent of the substance already named ■ benzoyb 
^emetine (Pyman, T., 1917, 111 , -424). - It has since been' employed, by 
■Karrer (Ber.,' 191 7,, 50, 582) for a reduction product of rubremetine, 'Whilst 
..the coincidence is unfo'rtiinate, it does'not appear to be important, for KarrePs 
^ ^soemetine-’— -a.!! amoiphous base from which, no crysta'Iline derivatives, Aviro, 
-prepared— is probably a' mixture of sterooisorneridcB. 
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Complete nietliylatdon of /,soemetiiie yields a ' weil-crystallised 
K~melIifiisoe/m'etme methiodide, wliicli is accompanied by an 
a 111 or pb oils salt. This is probably a mixture of tlie two stereo- 
isomeric metliiodides of iT-iiietliyl'/6‘oemetiiie, tlie isoiiierisrii of wliicli 
depends on. tlie presence of an asymmetric nitrogen atony, for it is 
shown later that the complete niethylation of emetine leads to a' 
similar result. This view is borne out by the fact that the crystal- 
line and amorphous salts give in 

equally good yield when converted into the corresponding metlio- 
hy dioxides and evaporated in a vacuum. This methine, like that 
of emetine, crystallises iveli as the neutral oxalate , and also forms 
a well-crystallised methiodide. So far, attempts to effect its further 
degradation have not led to crystalline products. 

The connexion bet\veen the compounds described above and 
their relation to the compounds -described in the previous papers 
is shown in the diagram on p. 225. 

Eeference has been made above to the formation of two stereo- 
isomeric metliiodides by the complete niethylation of emetine. 
This operation, which consists in heating emetine with methyl 
iodide and aqueous sodium carbonate, has been carried out 
previously by several authors, but hitherto only one methiodide 
has been isolated, although the formation of ^'by-products’^ has 
been observed. In view of the fact that emetine contains a tertiary 
nitrogen atom common to two ring complexes, the formation of 
two stereoisomeric iY-methylemetine methiodides owing their 
separate existence to the asymmetry of this nitrogen atom appeared 
to be possible. On experiment, it was found that the product of 
the reaction gave, besides the previously known methiodide:, -which 
melts at 225 — 226° (corr.) and has a stereoisomeride, 

which melts at 262° (corr.) and has Proof that this 

is, ill fact, a stereoisomeric Y-methylemetine methiodide, and not 
a , derivative of some impurity in the emetine employed,' is afforded 
by the fact that it yields the same nie-thine as does the previously 
known ■ methiodide. In accordance with the usual practice (com- 
pare Scholtz, Ber., 1905, 3B, 595 'j' Voss and ■ G-adamer,- Arch. 
Fharm., 1910, 248,, 43 s Jowett. and Pyman,....!,, .191-3,, lO'S, ' 2,90.),, 
the salt of lower melting point is termed the a-salt, that of higher, 
melting point the jS-salt. . In ’previous cases, it :has , been, possible 
to .- -co.nvert the arsalt into - -the jS-salf by, heating ' it above- its melt- 
ing point. ' a-V-Methylemetine -.methiodide, .-ho-wever,. -effervesces ' at 
its melting - point and.- p-robably' undergoes ’ decom, position,, -for none 
of ihe jS-salti, coiihi' bti isolated Trom 1110 - .reaction product. ■ 

I.Ti 6 remarkable,' iii'fluence-'of/stereocheinical structu'r-e-' on pliysio- 
I epical action, - ,w.hich' -..'has :been-..- observed. iii;. , many ,.o'th.,er - '.cases, ,. ' is 



224 : nrMAN : this alkaloids of ipecagdakha,, PAirr jjl 


apparent in tlie case of emetine and isoemetinej AYliicli differ only 
ill the sign of one asymmetric carbon atom. 

Br* H. H. Bale, F.R.S., of tlie stall of the Medical Eesearcli 
Committee, lias kindly determined tlie relative toxicity of tliese 
compounds, and finds that isoemetine is rather less than half as 
toxic as emetine. The results of intravenous admiiiistratioii of 
different doses of their hydrochlorides to rabbits were as follows : 

Mnieiine hydroGhhride. isoEmetmG hydrocliloriclc. 

4:*25 nigm.'"’* per Idlo. — All died. 9-0 -per hilo. — All died. 

4*0 B ?? — 4 died out of 5. 8-5 „ ,, — 4 died out of 63 

3-75 „ „ —I died out of 4. 8*35 „ „ , —3 died out of 6 . 

3*5 or less ,, — All lived. 8-0 „ „ — 1 died out of 4. 

7*5 or less ,, — All lived. 

* Of the anhydrous salt. 

With both compounds, death resulted from acute heart failure, 
It was also found that •fsoemetine vras practically non-emetic for 
cats. ' , 

A clinical trial of isoemetine has been carried out by Dr. G. C. 
Low, to ■whom the author’s thanks are due. Whilst emetine given 
in amcebic dysentery nauseates the patient, ■ hut brings about the 
elimination of the ainoebse, Dr. Low finds that isoemetiiie is well 
tolerated in comparatively large doses, but does not appear tO' have 
any effect on the ainoebse. 

Exp EBI MENTAL. 

Isolation of isoBmetme. 

'isoEmetine occurs together- with' emetine and base ‘‘'C ” amongst 
'the reduction ' products of 'me-thylpsychotrine. In order to isolate 
it, the syrupy base recovered from 'the mother, liquors of emetine- 
hycirobromide (T., 1917, 111 -,. 439 , -line’ 10 ) is dissolved , in alcohol 
(2 parts) and mixed with' a .solution of hydrated oxalic acid (O' 5 
part) ill alcohol (5 .parts), .and kept for several days,. when,' a 'spong-y, 
crystalline , mass slowly separates,. . -This is collected ' and -washed 
with alcohol, when crude 'ime’metine' hydrogen oxalate, remains. 
Further quantities remain 'in the -mother liquors from 'the crystal- 
lisation of the .Iiydroge'ii ..oxalate of base'^'C” (ibid,, p. 438).' The 
'-' criid'e: .hydrogen' oxalate is dissolved in water, and the base regener- 
. ated' into ether by sodium -hydro-xide - 5 -, after removing- the -solvent, 
the residue is ' disso-lved in - a slight excess -'of dilute hydrobromic. acid, 

'. digested ’w,it-h animal charcoal,, and' filtered, .when 'fs‘oein,etiiie hydro- 
"’bromide" separates ,o-n ,, inoculating and . cooling, ■ and'-js purified 
; readily" by recrystallisation' from’ water.’'-' 
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isoE metine, C29H.j{>04N2. 

Tlie base crystallises from etlier in eliaracterlstic disl^'-.s (circiibvr 
plates) formed of radiating needles, containing IIIX), which is not 
completely lost in a vacuum. The air-dried base softens at 92® 
and melts at 97 — 98® (corr.) ; the same form and iiieltiiig point 
were observed after recrystallisation of the base from, ethyl ac-etatc. 

Found, ill air-dried base (from ether): C--69'7; H=:..::8'5; 
loss i.ii a vaciiiiiii ™2*5. 

(498-5) requires C-=C9*9; H-S'S; loss of 
IHoO^S'G per cent. 

The base is insoluble in water, but easily soluble in the usual 
organic solvents with the exception of light petroleum. Its colour- 
reactions with Frohdeh reagent (green) and sodium diazobeiizeiie- 
;p-siilphonate (red in the presence of sodium carbonate, little 
changed on the addition of dilute hydrochloric acid) are identical 
with those given by emetine. 

The specific rotatory power of the base, dried in a vacuum, was 
determined in chloroform solution: 

ao-~3-33®; c = 3’d 14; Z = 2-dcm.; [a|j,-47'4®. 

The hydrochloride was obtained as a mass of small needles by 
neutralising the base with aqueous hydrochloric acid, evaporating 
the solution to dryness, and boiling the residue with absolute 
alcohol. It melts and decomposes at 310® (corr.), and is easily 
soluble in water, but almost insoluble in absolute alcohol. 

This salt is almost anhydrous, losing only 0’5 per cent, at 100®. 

Found in dried salt: C==62-6;- H=.7*7; 01-=;: 12*8. 

A 9 H 4 o 04 % 2 HG 1 (553*4) requires G:^'62*9; H = 7*7; Cl==,12*8 

per cent, 

.The specific rotatory power of this salt was 'determined 'in aqueous 
solution,, and, found to be negative at- high,^ but positive brtf low 
concentrations.: ■ ' ■ 


%~4*70®; c==15*07; 7=2-dcm.j 15*6®. 

ap — 0*87®; a=8*134; ^ = 2-dcm.; [a]p-5*3®. 
ap-pO'38®; c=4*092 p^ = 2-dcm. ; [«]d + 4*6®. 
ap + 0-35®; c = 2*259,;7=:2-dcm, ; [a]pH-7-7®. 
% -I- G • 23® j r == 0 * 909 ; 7 = 2-dcm . ; [a]p -i- 1 2 ' 7®. 


-..The crystallises from water in -well-formed prisms, 

which contain 4HoO.;, ' It. is ■ easily 'soluble in hot, but .sparingly so 

(1 2 per cent.) in ■ -.cold .'water. After-: drying' in 'a 'r'acii irrn, 'it 

softens /'.iroin : .215®. 'andigraduall'y -beco'mcs tra.us],:)a.r(?n't': :'wttl;!o}it 
liowirig, up to 220® (corn). % 
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' i'll a/ir- dried salt: C--18'8; 1I~~7'2; loss iri a vacnunh 

H)-|, lOi-'t, iO'U. 

C^,jIJ,,3,')()4N2r-ti:lBryll (714'4) rtu|tilreB C:r:::48'7 ; 11 7*1 ; 

H20 = 10‘1 per cent. 

Found j in dried salt: 0 = 54*0, 54*4; H = 6'7, 6*8; Br = 24*7, 

C29H4o04N2;2HBr (642*3) requires 0-54*2; H = 6*6; Br-24*9 

per cent, 

Tlie specific rotatory power of tlie hydrated salt was determined 
in aqueous solution : 

^33-1-0*54°; c- 4*153; Z = 2-dcm.; [a]j3 4-6*5°. 
a33 + 0*42'^; c = 1*989; Z = 2-dcm. ; 10*5°. 

Tile hydrogen oxalate crystallises from water in colourless 
prisms, wMcli contain 5H2O, and melt at 92 — 95*^ (corr.). After 
drying at 100°, it lias no definite melting point, but softens 
from about 150° and effervesces at about 165° (corr.). It is easily 
soluble in water or alcohol, but its solution in the latter deposits 
a colourless, spongy mass on keeping. 

Found, ill air-dried salt: loss in a vacuum = 11*8. 

C29H4 o 04N2.2C2H204,5H20 ( 750 * 6 ) requires HoO = 12*0 per cent. 

Found, in salt dried in a vacuum: C = 59‘8, 60*1; H = 7*0, 6*8. 

C29H40O4N25 202^2^4 (650*5) requires C'—GO’O; H = 6’7 per cent. 

The specific rotatory power was determined in aqueous solution : 

-1-0*25°; c = 8*019; Z = 2-dcm.; 1*6°. 

-1-0*50°; c- 3*856; Z-2-dcm.; 6*5° 

ajp-|-0*50°; c = 2*958; Z = 2-dcm.; Hb - f S*5°. 
a,, -1-0*33°; c - 1*454 ;■ Z = 2-dcm. ; [a]3,q-ll‘3° 


Meddiylation of imCephaeUne, Formation of isoEnietine, 

0*4 Gram of 'Z^ocephaeline (T., .1914, 105, 1,626) was dissolved 
ill a solution .of 0*05 gram of sodium in 35 c.c,. of fusel oil boiling 
at 130 — 133°; 0*2 gram of anhydrous ■ sodium methyl sulphate was 
added,' and the mixture, boiled, for 'one and 'E-half hours under a 
reflux condenser. After acidifying with ' hydrochloric acid, , ,the 
liquor was , d'istiiled with steam to remove the fusel .oil, and the 
alkaloids ' ■^vere then "regenerated' ' to' ether, by means '-of .sodium 
carbonate.' , The ethereal . solution *vyas extracted with dilute aqueous 
sodium hydroxi.de,,. which .removed '0..’1.5' gram ' O'f' unchanged w-' 
cephaeline, ' evaporated to dryness,' and , converted into the .. hydro- 
"bromide, when '0*17' gram^ of ■ crude'. emetine hy.d'robroniid 0 .' 'Was 
obtained. . After .; recrystallisatxon ' from watex*, this ' salt formed 
prismatic Aieedles,' .;,having the"’; melting,'" point.' ' pre'Vio'usly ;'r ecorded','. 
ei tiler alone or mixed with f^soemetine hydrohromide resulting from 
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tile reduction of iiietliyipsycliotriiie. For fartlier ideiitificatioiij tiie 
base was regenerated from tlie lijdrobroiiiide, wlieii it crystallised 
from etlier in tlie cliaracteristie disksj melting at 97- — 98® (corr.),, 
botli alone and wlien mixed witli a specimen of tlie base resulting 
from tlie reduction of 'metliylpsycliotrine. 

Meth]/lation^- of isoEm-etine. Formation of 

and Isolaiioii of BenzoyliBoemedme, 

7;?oEinetiiie was methylated hy methyl sulphate and sodium 
iiiethoxide^, the resulting mixture of iV-m6thyl?boeiiietine and iiii- 
cliaiiged isoemetiim being separated by removing the latter as the' 
benzoyl derivative-j the hydrochloride of which can be extracted 
from aqueous solution by chloroform. The method is precisely 
siiriilar to that employed for the methylation of einetin© (T., 1914, 
10'6, 1617)^ to which reference may be made for further details. 

■fsoEinetiiie, regenerated from 7‘2 grams of the hydrated hydro- 
bromide^ wavS dissolved in a solution of 0’5 gram of sodiimi ■ in 
25 c.c. of methyl alcohol and treated with 2*5 grams of methyl 
Rulphatey when 1*3 grams of i\Amethybbn emetine and 2*1, grains of 
beiizoyliso emetine were obtained. 

1^-M eddiylisoemetme crystallises from ether in clear, colourless, 
square tablets with bevelled edges. . It melts at 152 — 153® (corr.), 
and crystallises again on cooling. It suffers no loss in a vacuum. 

.Found: 0=72*83 H = 8'5. 

(494*5) requires C'=72*93 H = 8‘6 per cent. 

The- specilic rotatory ■ power was determined in. clilo'rofo.nn 
solution:' 

— 2%55®3 c = 2*550; Z = 2-dcm.; Hd 

Benzoyl Awemetina proved to'' be identical with, the substance' 
previously' described under this 'name -(Tb; 1917, 111, 439).'' It, 
formed colourless prismatic ne'edles -from acetone, which, melted at 
207—208®, (corr.) alone, or when mixed with the preparation ' to 
which' reference has been made.". The ' specific ro.tatory pow»'er i.n 
eiiloro'f 01111 solution was foiind'to be '[ajp +47*3® (c = 2*833).. 

,' M'ePfiyUition of J^-Metdiylisocepliaelme, ■ Formatiori of : 

V ..The i.s,omeride" (T., ,' 1914, ,107, 1624)' ,of ' "iV-methylcephaeliiie 
yields' ,,''iF“methyHsoemetine f'On '' methylation, ',and.' is therefore' 
#-inethyHsocephaeline. ,,7 

, '.'Two grams.. o,f the pure. is'omeride,'.. melting' at 196— lOf'® '''' (corr.), 
,'';W'©re'''',..dissolve'ci,.'in .a sodiirm in 50' c.c. of 
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frisel oilj boiling at 130 — 133°, and boiled for two^ hours under 
a reflux condenser with 1*25 grams of aiiliydroiis socliiini iiietliyl 
siilpliate. On working up tlie product in tlie usual way (compare, 
for instance, T., 1914, 107, 1623), 1*4 grams of tlie plieiioiic base 
were recovered, and 0*23 gram of iV'-inetiiylMoeiiietiiie was obtained. 
This base melted at 152 — 153*^ (corr.) alone or when mixed witli 
tlie iiietliylation product of fsoemetine; tlie specific rotatory power 
in cliloToform solution was found to be [a]j^ ~47*G° (c== 1*125). 

l^-Methylisoemethie M ethiodide . 

Twenty-five grams of ?koeinetine hydrobromide were dissolved in 
625 c.c. of hot water, cooled, mixed with 50 c.c. of methyl iodide 
and 25 grams of anhydrous sodium carbonate, and heated on the 
water-batli. After one and three-quarter hours, the insoluble 
matter, which was viscous and amorphous at first, had become 
crystalline, and was collected. It amounted to 21*3 grams, and 
formed colourless, well-defined, oblong prisms which melted at 
290 — -292'^ (corr.) after drying at 100®. This salt is' very sparingly 
soluble' ill cold water. 

, Found, in ' air-dried salt, loss in, a vacuum™ 2*4; in dried salt, 
1 = 32*4. 

C32H480)4N2l2,,H2O (796*4) ; requires ' HoO = 2*3 permeiit. . 

('^'^S‘4) requires I==32'6 per cent. 

The specific rotatory power- of the hydrated salt was determined 
in aqueous solution : 

ttpH- 0*6® c = 0*324 ; Z = 2-dcm. p[a]:D + 92*6®. 

The mother liquors from the crystalline methiodide. were- con- 
centrated, and deposited 6*5 grams'of' pal© orange-brown resin, 
which became quite hard, but was not obtained iii' a crystalline- 
.form. , The Grystalline and -amorphous salts ■were found to -give' 
the methine in approximately equal yield. 

l^-MeAhylmoemetineQnethi7Wy-:C.^<^^^^ 

' '' 29*2'', Crams- of -k^oemetine hydrohr-omide ' were -.converted -'mto 
..methyhboemetiiie niethiodide. hy ' the method described .above,, and- 
; the '/combined crystalline, and - ■amorphous'' methiodide-s., were, con-, 

' verted' into the, anhydro-lbase'..by .the method, .employed .for 'methyl-:' 
em-etinemethine, (T'.,'- 19:17., .Ill-,, 445),-..: ■■ Th©-/ crude 'methme-.'-'-was 
neutralised, with ' ,20' '- per ::',cent.f .aqueous'. ,.ox-yic acid, and,-,' .gave"'.- '2-1 ---I" 
-gram's., of'^ 'neutral oxalate 'i'n... : several', -crop's,-,-' that"..,i8,-:.-'7-S*4^'.,;',per ''...-cent., 
of ,'. the ','theore,tical/ yield./-, a y 
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coioiirless ]>:r.i;siiis of mii elongaied diairiond sliapc wliicli .'ua.; 

easily soluble in vva.i.er. The o,ir’di’ied salt cont*fii.iis dHo^ ^ <ind 

melts at 122 — 127^ (corr.); after drying at 100^, tlie salt melts at 
133---134Q (corr.). 

Founds ill air-dried salt: H2O = 10’85 10*7. 

q32H4c;04No,,C2Ho04,4H20 (684*6) requires H:oO = 10'5 per cent. 

Found, in air-dried salt: 0=66*4, 66*4, 66*5, 66*5; 11 = 7*9, 7*9,, 
7*9, 7*9. 

03.2H4A^\^VH204 (612*6) requires 0 = 66*6; 11 = 7*9 per cent. 

Tiie specific rotatory power of tliis salt was deteriiiined in aqueous 
solution : 

aj,+0*35®; c = 4*153; ^ = 2-dcni.; [a]^ 4:'2^. 

MetlujlisoemeUnemsthm inethioclide separates as a crystalline 
powder wlien a concentrated etliereal solution of tlie metliine, pre- 
pared by regeneration from tbe pure oxalate, is warmed witli 
methyl iodide. The salt, so prepared, began to sinter at 155*^ and 
effervesced at 163*^ (corr.); when moistened with cold water, it fi,rst' 
became gummy and then crystallised; it appeared to contain 
methyl iodide of crystallisation, for when it was added to boiling 
water effervescence took place, and ah odour of methyl iodide was 
observed. , The hot aqueous solution deposited the salt on cooling 
ill silky needles, which melt at 178° (corr.) after drying at 100°, 
and effervesce' at about 180°.' 

Found, in air-dried salt: loss at 110°=: 4*0. 

C'34Hr,2^4N2l2j2H20 (842*4) requires 1120=4*3 per cent. 

Found, ill dried salt: ,1 = 31*6. 

C34H52O4N2I2 ■ (806:4) requires 1 = 31*5 per cent. . 

Omdation of isoFmetine. Formation of Methi/lps^(dwlrifie and 

Enhre7netme. 

. (1) With One Molecular Proj^ortion of lodmie.—Illm oxidation 

was" ca,rried out essentially in ■■ the ■ 'same way as that of'' emetine 
(T., 1917, 111, ,434), but; the isolation of iiiethylpsychotriiie '' as 
■hydrogen oxalate was complicated '.'by the tact that 
hydrogen oxalate also crystallises: ' -from, 'moist alcohol, whereas ■ 
: emetine hydrogen oxalate does not. , 

'. ■.Twenty 'grams: of 7soemetme"' .hydrobromide were 'recrystallisecl 
, from 50 c.c... of ' water, wlien';19 grams separated.; After removing 
this,: the '.mother liquor 'gave .further small crops of the same 'salt' 
■' on 'coneentration, and eventually ■ a; liquor which no ' longer . 'deposited 
crystals., ... This ,' was " 'shaken '.'With; aqueous ,,'so'di'iim 'hydroxide, ■..■..and, 
ether, and tlie regenerated base, amounting to 0*04 gram, was con- 



PYaiAH : THE ALKAiOIBS OE IFECAC‘trANMA» PART iH. 231 


verted into tlie liydrogen oxalate in alcoliolic soliitionj wiieii 0'02 
gram of colourless^ somewliat spongy crystals was ottained^ wMch® 
after drying at 100®^ sintered at 145*^, and gradually melted up to 
atout 200*^. Tk© melting point indicates tliat tMs kydrogen 
oxaiat©^ did not consist wkolly of metkylpsyckotrin© kydrogeii 
oxalatOj wkeno© tk© original kydrobromid© contained less tkan 
1 par cent, of inetkylpsyckotrine. 

Nine grams (part of tk© 19 grains) of purified ^’oemetin© kydro- 
bromid e were tken converted into tk© bas© and oxidised witk 3“2 
grams of iodine in 80 c.c. of absolute alcokol by keating for tkree 
and a-kalf kours at 100^, 

Tke product was mixed witk dilute sulphurous acid^ evaporated 
to about half its volume^ mixed witk aqueous sodium ky dioxide, and 
extracted witk ckloroform. Tk© chloroform extract was completely 
extracted witk dilute kydrocMoric acid, dried, and distilled, when 
it left 2*3 grams of dark brown resin. This was extracted witk 
small quantities of boiling water, and tk© filtered extracts were 
mixed witk a small quantity of aqueous potassium iodide, when 
0*9 gram of rubremetin© kydriodide separated , in minute red 
needles, which, after drying at 100 °, began to melt at 177° (corr,) 
either alone or when mixed witk rubremetin© kydriodide prepared 
by tke oxidation of emetine. The identification of tk© salt, witk 
rubremetin© kydriodide was furtker confirmed by analysis, 
(Found, in air-dried salt, il20==13*5 ; in dried salt, I = 21*3. Calc, i 
H20 = 13*0; 1 = 21*2 per cent.) 

Tke liydr.ockloric acid extract ' of tk© ckloroform extract was 
mixed witk aqueous sodium hydroxide and extracted witk chloro- 
form. Tk© chloroform residue was converted into tk© kydro- 
bromidej when 5*0 grams of i^oemetine kydrobromid© were 
recovered. Tke mother liquors, shaken witk aqueous sodium , hydr- 
oxide and ether, gave 0*7 gram of base, which was dissolved in 
alcokol containing 0’4 gram of hydrated, oxalic acid. On inoculating 
with metkylpsyckotiin© hydrogen .oxalate, 0*13 gram of' nearly 
colourless crystals, melting at 140 — - 145 °, (coir.), separated.. For 
purification, tke, base was regenerated 'from this, material and again 
converted into hydrogen oxalate, when '0*08 ,. gram was obtained, 
.which';, melted at 145—150° ■ ’ (corr.), metkylpsyckotrind , hydrogen 
oxalate. melting at 150~155° ■ (corr.) . in tk© same'batk, and'a' mix-' 
.ture.of , tk© two substances intermediately. .'.■ The. .aqueous solution 
of . the .salt' 'showed the' blue .fiuorescence' ckaracteristio of ..m'etkyl-, 
psyckotrin©' salts. A determination of tke, specific .rotatory., 'power" 
.' gave', ■ a ' low value,, [a]j;, -i- 33^ .■ (c=l), and' '.consequently ' . further 
, evidence, of the "identity" of . the. :substanoe was'., required.', ' 'Accord- 
'.'ingly, '.tke:,., base;, was:, .regenerated,, .neutrali^' with ''dilut©'; sulphuric' 



232 rXMAi!^ : the alkaloids oe ipboacdakha, part hi. 


aciclj aiici tlie solution evaporated to drynesS;, tlien irioistened 
absolute alcoliol. and evaporated to dryness several times, Ein.aily, 
it was dissolved in a few drops of absolute alcoliol ?mic 1 inoculated 
wit'll me tli 3 dpsyclao trine sulpbate. inonoliydrate^ w-lieii a colourless^ 
crystalline powder separatedj wliicli melted at 245° (coiT.)^ iiietliyl- 
psycliotiiiie siilpliate. malting at 248° (corr.), and a mixture of tlie 
two substances at 246° in tlie same bath. 

(2) With Ferric Ohloride , — Two gx*arus of is'oeinetiiie liyd:ro- 
chloride vrere oxidised with an aqueous solution of 40 grams of 
coiiimexcial hydrated ferric chloride, the details of niaiiip illation 
being the same as previously described for the oxidation of emetine 
with ferric chloride (T., 1914, 105, 1827). After crystallisation 
from water, 0'45 gram of crude rubremetine hydrochloride wxis 
obtained. This was purified in the manner previously described, 
and identified by comparison with a specimen prepared from 
emetine. 


Action of Sodium A'niylomde on hoEmetine , 

The base liberated from 3 grama of esoemetine hydrobroiiiide ivas 
dissolved in a solution of 1*0 gram of sodium in 50 c.c. of fusel oil 
(b. p. 130—133°), and boiled for fourteen hours ' under 'a reflux 
condenser. After the addition of '6 c.c. of hydrochloric acid anti 
20 c.c, 'of, water, the fusel oil was removed by steam distillation,' 
and the non-plieiiolic and ' phenolic bases were ' recovered and 
separated in the usual way. The latter — amounting to O'* 3 gram 
of yellow resin— were neglected, whilst the iiGinpheiiolic bases were 
found to' consist almost entirely of .isoenietiiie, for when treated 
;with, liydrobromic acid they gave- 2' 3 .grams of pure ' imemetiiie 
liydrobroiTiid-e, - the mother liquors containing only a trace of 
material, ' ' ■ ■ ■ 

Emetine, -when treated in a similar manner, was also mainly 
-recovered unchanged-, except in so far as it liad becxjine hydrolysed, 
and no evidence of the forni-atio-n of i'^oeiiietine could be obtained. 

Freparation and Separation of a* a/nd PM-3dethylefnef/me 

Methiodides, 

, ' 'Tea, grams of, ,, emetine .hydrobromide .were diss.olved'in ,250' cm.- 
of '.'hot water,, .and, the' solution, '.after .cooling, .to -.some ...'extent, .was 
-.-mixed with 20' CoC.,, of, methyl-.'. 'iodide '.-.and. 10 ,^grams, ' .of '.'anhydrous 
.'.sodium' carbonate.,.: .■,It,:Wa8'.::- then' heated. .o.n the 'wat'erha'th, 'under 
a:';;:r6flux' -condenser,' SO' .that.'-'the, methyl, iodide boiled.- ' " After,,' 'three, 
'hours, -crystals- began to form, ., and gradually i,ncreas,ed, .'in- quantity ; 
after boiling for a fourth hour, the excess of methyl iodide was 
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removed by distillation and tke liquor filtered from tlie first crop 
of crystals — 8*0 grams j m. p. 210 — 220°; [ajp On coolings 

tbo iiiotlier liquor deposited a second crop of crystals— 2*6 grams; 
m. p* 220—260°; [a]^ -p 32*4° — wbilst a tMrd fraction was obtained 
by extraction witii cbloroform as a nearly colourless resin (0"7 
gram) wfiioli deposited crystals after solution in water. After 
recrystallising tbe first crop from water twice, tbe previously known 
a-iiietliiodide was obtained in a pure state ; it bad the melting point 
previously recorded, namely, 225 — 226° (corr.), and formed prisms 
containing between 3 and 4H2O. (Founds H20 = 7'9, Calc, 
for 3H2O, 6*3; for 4H2O, 8*5 per cent.) The specific rotatory 
power was determined in aqueous solution: 

a^~-.0*23°; c = l*145; Z = 2-dcm.'; [a]j, ^10*0° 

" After prolonged -fractional crystallisation, there were obtained 
5*35 grams of this salt in a pure state, 2*6 grams less pure, melting 
at 210 — 220°, various small crops melting between 220° and 260°, 
and 0*45 gram of th© pure fi-methiodide> 

a-l^~Metk^lemetin& metho chloride was prepared from the 
a-niethiodide by double decomposition with silver chloride, con- 
centration of - the filtered solution to a syrup, and precipitation with 
acetone, when it formed small, ' colourless needles which melted - at 
133° (corr.) after drying at 100°, and at 200° (corr.) after drying 
at 110°. ' 

Found, in air-dried salt: loss at 100 — 110° = 15*2. 

C82H4804N2Cl2,hH20 (703*6) requires H2O— 15*3 per cent. 

Found, in salt dried at 100 — 110°: C = 64'2, 64*2; H = 8‘l, 8*0. 

C32H48G4N2CI2 (595*5) requires 0=:-64*5; H = 8*l per cent. 

The specific rotatory power of this salt was determined in aqueous 
solution: 

— 0*18; c = 3*986; ^ = 2-dem.; [a]B-2‘3°. 

— 0*18p c = l*993,;' Z=:2-dcm.'; — 4*5°. 

■ ^-1^-Meihijlemetme methiodide forms long, flat plates from water, 
which melt at 262° (corr.) -after d.rying at 100°.' , Like the a-salt, it 
is- easily,, soluble in hot, but veiy -Sparingly so in cold 'water. 

Found',-in 'air-dried 'salt: -5 *27, , 

requires " pet: cent. 

Found, in 'salt dried 'in a vacuum G== 49*6; H — 6*3.,' 

-- €^8^34804^212 (778*4)' requhes.C=49'*3; H'~ ■ 

, The specific rotatory 'power was determined, "in aqueous','so,lut'i0n':' 

'- 'aB+ldS'^-; -', c,'==0';844,;-'''^~ Wb + '68*1°; 
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Formation of '^-Methylemetinemethine from the ^-MetMod%de. 

0‘5 Gram of tiie jS-metiiiodide was converted into the methine by 
the method used for the a-methiodide (T.j 1917^ 111, 445) « The 
crude tertiary basOj extracted by ether (0*27 graiii)^ was dissolved 
ill alcohol and neutralised with oxalic acid, when 0*12 gram of 
inethylemetinemethiii© oxalate crystallised in prisms. It melted at 
82—83° (coiT.), a mixture with the salt prepared from the 
a-methiodide melting at the same temperature. 

For further identification, the water of crystallisation was 
estimated (Found: H20 = 18'9. Calc.: 1120 = 18*1 per cent.), and 
an approximate determination of the specific rotatory power was 
made [Found; -19*5° (^ = 1*2 in water); previously found for 
salt from a-methiodide, —24*6]* It was also observed that the 
methine from the jS-methiodide gave a hydrochloride, which crystal- 
lised from absolute alcohol in plates. A similar salt had previously 
been obtained from the methine prepared from the a-methiodide, by 
the following method. 

1^-MethylemetmemMhme Hydrochloride* 

A c][uantity of the base, regenerated from the pure oxalate to 
ether, was dissolved in dilute hydrochloric acid and evaporated to 
dryness. It was next dissolved in absolute' alcohol and evaporated 
to dryness, this operation being repeated several times. It was then 
dissolved in a small volume of absolute alcohol, when it separated 
in colourless, quadrilateral plates, which melted at 236°' (corr.) 
after drying at 100°. This salt is very easily soluble in water. 

Found, in air-dried salt: loss at 105° = 2*4, 3*7* 
C32H4(.04N2,2HC1,H20 (613*4) ■ requires,. H20 = 2‘9 per cent. 

Found, in salt dried at 105°: 01 = 11*5, 11*5. ' 

(595*5) require, s 01=11*9 per cent. 

In conclusion, my thanks are due' to Mr. B. C. S,. Jones for 
assistance in this investigation. 

The Wellcome 'Chemioae Keseakch LABOBAroRiES, 

London*, E.C.l* ■ [iSeceiwd, Febnmrp 2Sth, 1918*] 
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XXVII . — ’The Supposed Formation of Ergotoxine Ethyl 
Ester from- Ergotinme. A Correction. 

By George Barger and Arthur James Ewins, 

Some years ago (T., 1910, 97, 284) we obtained a crystalliue pkos- 
P'bate by boiling ergotinine in alcobolic solution witb. pbospborio 
acid, and we concluded tbat the salt was tbe pbospbate' of ergo- 
toxine etbyl ester. TMs is ' not so ; it is the pbospbate of ergo 
toxine itself. Ergotoxine, C35H41O6N5, is tbe hydrate of ergotoxine. 
C35H3QO5N5 (Barger and Carr, T., 1907, 91, 337), and at tbe time 
of our previous work tbe pbospbate of ergotoxine (tbe first salt to 
be crystallised) bad been obtained exclusively in tbe form of fin© 
needles (T., 1910, 97, 286, Eig. 2), whilst our supposed ester salt 
crystallised in broad plates (loc. cit,, Eig. 1). Similar differences 
of crystalline form were observed in tbe hydrochlorides {loc. cit.^ 
Eigs. 3 and 4), and oxalates, prepared from tbe two phosphates. 
(On tbe other band, each pair of salts bad approximately tbe same 
melting point.) We chiefly relied, however, on an analysis (1 per 
cent, more carbon than in ergotoxine phosphate, as calculated) 
and a Zeisel determination of the ethoxy-group. (Found, 5*97. 
Calc., 5'82 per cent.) 

Some years later, Mr. F. H. Carr and Br. E. L. Pyman deter- 
mined the methoxy- and methylimino-groups in ergotoxine and in 
ergotinine, and drew the conclusion that both alkaloids contain, 
one 0-methyl and one iT-methyl group. In that case we ought 
to have found two alkyloxy-groups' in the ester, as Messrs. Carr 
and Pyman pointed out to us.- ■ Their determinations were as 
follows: 

Ergotinine , — The substance was of good colour and ' crystalline 
appearance, and nielted at 23P. .It suffered ■ no . appreciable loss 
on drying even at 130®. 

■ 1. 0-4051 gave 0-1241 Agl below 180^ OMe = 4-0. 

, -and 0d004 Agl above 290®. ,HMe-'3-Lv ,' 

2. 0^3019 gave 0*0851 Agl below 180®. OMe=-3-7. 

and 0*0942 Agl above 290®. NM 
, 3. After a blank distillation of ' the^ hydriodic acid yielding 
0*0053 Agl:. ■ 

01457 gave ■ 0*02-58, Agl below. 180®. ':GMe== 2^*^^^ 

' : 4.- After ' a -Hank,,, distilla.tiDn ■ ■ of the-' hydriodic ' acid, ',- vielding: 
'0*0123' A,gI:Y;'' 

, : 0'4128- /'gave , 0,'0794 ■ Agl, below'-, 180®-.' CM© =::2’'5. ", ' 

' and Agl". above:--:290®. 
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5. After a blank distillation of the li^^^driodic acid (10 c.c.) yield- 
ing 0*0098 Agl and the subsequent addition of 5 c.c. of acetic 
anhydride : 

()'4127 gave 0-1548 Agl below OMo = 4;“9. 

‘'and 0‘0688 Agl above 290°. NMe-2*l. 

6. After a blank distillation of the hydriodic acid (10 c.o.) yield- 
ing 0*0218 Aglj and the subsequent addition of 5 c.c. of acetic 
anhydride " 

0*4130 gave 0*1401 Agl below 180°. OMe — 4-5. 
and 0*0764 Agl above 290°* ISrMe = 2*3. 

7. Blank distillation with 10 c.c. of hydriodic acid for one hour 
gave 0‘0027 Agl, after addition of 5 c.c. of acetic anhydride, and 
a double distillation for two^ hours gave 0*0183 Agl, after a further 
double distillation for two and one-third hours gave 0*0025 Agl: 

0-4966 gave 0*1501 Agl below" 180°. OMe==4'0. 

and 0-0713 Agl above 290°. NMe—l*?. 

requires OMe = 5-l; N Me = 4*8 per cent. 


' MrgotO'Xine Phosphate , — 

1. 0*3976 gave 0*1204 Agl at 140--195°. 

2. 0-3926 „ 0-1614 Agl „ 140 -195°. 

3. 0*2302 0-0732, Agl „ 140—195°. 

4. 0*3954 gave 0-1055 Agl below 180°. 

and 0-0663 Agl above 290°. 

5. 0*3914 gave 0*0982 Agl below 180°. 

and 0*0678 Agl above 290°. 

6. 0*1420 ga,ve 0*0494 Agl below 180°. 

and 0'0364 Agl above 290°. 


OMe-=4*0. 
OMe 5*4. 
OM:0 =. 4*2. 
OMe - 3*5. 
NMe=:2*L 
OMe - 3*3. 
,NMe - 2-0. 
OMe - 4*6. 
NMe«3*2. 


Specimen No. ,1 was prepared from ergotinine, the rest from, 
ergot. Nos. 4-6 were dried at 100° and anal 3 TS: 6 d with the 
addition of acetic anhydride. The melting point was 187—188°. 

0*1482, dried at 100° (mixed , with- CuO), gav-e 0'3120 COa- and' 
y0*0900 HgO. - 0 = 57*41 

, ' ' C 3 gH 4 i 0 ^,N 5 ,H 3 P 04 requires:C = 57*9i,H = 6*l;:OMer.^.4*3'; ■ 

NMe= 4*0 per cent. 

: : On- receipt of the 'abo,ve data we re*exaniin,ed-' the action of alco,- 
holic ■ ph,osphoric , acid on- ergotinine, on' -a „larger,' scale - than ,,-was 
originally - 'possible. , W© ' were ,able ' ■" to transform, ' ; the ' " salt, first,' 
obtained as' "iieedles, into plates' „by reerystalli'satioii -froiii - alcoliol. ■ " - 
, ;'Oiievgram.- of ' ergotinine, 'was -'■suspended in,' ' 15 ,',c.c.. of" - absolute, 
alcohol, and ■,,rather '''mO'r©-'^^^^^ ;on©,'-m"olecula'r', proportion of syrupy 
phosphoric acid -wa's' ' added.- -On'-' he^ating' imder;re^ on the water- 
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ba.tJi fclie ergotiiiiiie dissolved, but after a total lieatiiio; of tiiirty 
to forty -five niiiintes tlie solution becaziie almost solid witli a mass 
of prisma tic needles,, wliicli were collected. 

Tlie yield was 0*95 gram, or SO per cent, of tlie tlieoretical ; tlie 
melting poiat, 189 — 190°. After diying at 100°: 

0-5720 gave 0-0246 Agl (two. hours at 140-~™150°). OMe = 0*56. 

On recrystallisation from alcohol, plates were formed, melting 
at 190°, wMcli were analysed: 

0’4216 gave 0*0412 Agl (two hours at 150°). OM6=r3. 

From, these experiine.iits we conclude', that ,tlie phosphate was 
that of ergotoxine, and that no ethyl ester grouping was present, 
for it would have been readily removed under the analytical con- 
ditioiis employed. 

We next examined the action of hyclriodic acid on ergotiiiiiie, 
using in each case 10 c.c. of acid (D 1*7) and 5 c.c. of acetic 
dride, the bath being heated for two hours at the teniperatiire 
intervals indicated. 

A. Ergotixiine, older (less iiure) specimen: 

0*4127 gave 0*1259 Agl at 150—195° and 0*0389 , Agl at 
340—350° Total Agl=0*1648.. OM'e=:5*3 or NMe = 4*9. 

B'.. Ergotinine, purer 'Specimen :■ 

0*4129 , gave 0*0105 Agl at 140—145°, 0*1333 Agl at 180—200°, 
and - 0*0303 Agl , at 300—370° Total Agl = 0*1741. 
OMe=5*6 or NM0=5*2. 

C^ 5 H 3 g 05 N 5 requires OMe=5*l'; NMe=4’8 per cent. 

We have calculated o-ur results from the total silver iodide formed, 
for we believe that only one methyl group, is present, and think 
that this methyl group is attached to nitrogen, Messrs. Carr and 
Pymaii's six analyses, in which'-heatiiig was continned to 290°, when 
calculated as NMe only,' give the mean '6*4 per cent,, which is 
one- third more than the theoretical. '. In our opinion the amoimfc 
of , silver iodide is, however, insufficient, to , 'account for a 'lnethoxy- 
as ,well ,as' a, methylimiiio-group. . , There is- , abundant evidence .that 
many metliylimino-groups give o-ff ■ part , of their methyl as ' methyl 
iodide ,on .merely boiling with hydriodic '.acid, particularly' if ",car- 
bonyl, groups are,' adjacent '(Busch, Ber,^ 1902, ,35, 1565^ 'Gold-' 
schmiedt 'and',.Ii6nigschniid., 'Ber.,' 1903, 36, "1850; Mondtsh.] 19,06,- 
27," 849 ; Kirpal,' Ber,,: 1908,;- 4-l,:''819). Decker {Ber., ' 1903,,'; ''36, 
,2896)'. has pointed out that ..inythis. way.A-alk'yl may .be mistaken' 
for '0-alkyl, .and Herzig., (Jfo?ia35'57i.,,''190'8,'.,29,' , 295) 'states that with 
nitrogenous ' substances'., nniess.-the.' formation „of ' ,silver: iodide begins 
so-oii' after the - hydriodic.’acW -..'boils',,, and, ^ proceeds ''rapidly to' an 
„'.end, 'it is unsafe to conclude that, a methoxyl group is present. In 
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our own experiments tli© evolntion. of metliyl iodide from tlie 
boiling acid was slow and iiicompletej 'whence our con.cliisioiij that 
ergotiiiine and ergotoxine contain one ^-metliyl group,, but no 
nietlioxy-groiip „ 

W© desire to thank Messrs. Carr and Pyman for having directed 
our attention to: the error in our former paper j and for having 
placed their analytical results at our disposal, 

Listee Ikstitxjte of Preventive Medicine, 

Chet^ea Gardens, London, S.W. [Eeccived, March lOf/i, 1918.] 


XXVIIL* — Interaction of Formaldehyde and Carham/ide. 

By Augustus Edward Dixon. 

In a paper by Dixon and Taylor on the interaction of aldehydes 
and thiocarbamides (T., 1916, 109 , 1244), it is mentioned in pass- 
ing that a molecular mixture of carbamide and formaldehyde, when 
condensed by means of hydrochloric acid, yielded a substance, appa- 
rently identical with the niethylenecarbamide obtained by Hemmel-, 
mayr {MonaUh.^ 1891, 12, 94),. from carbamide and chlorometliyl 
alcohol. Subsequently — but not . until most of the present investi- 
gation had been completed — it was learned that sevex^al chemists 
have already studied the interaction between carbamide and form- 
aldeliyd© (see, for example, Hoekei% Bcr.^ 1884, 17, 659; Tollens, 
1896, 29, 275; Goldschmidt, md., 2439; Ghenu ZeiL, 1897, 
21, 460, 586; Einhorn and Hamburger, Jicr., 1908,' 41, 24). In 
one case only is it necessary to comment on the results. 

According to Goldschmidt, carbamide yields, with excess ” of 
formaldehyde, a 'compound, .■C 5 H 10 O 3 N 4 .'(that is, 2 CH 40 Ng + 
3 CH 20 ,-“ 2 B[ 2 ^)f which is^ formed- alike in the presence or iir the' 
absence- of acids*; and as,. the yield is theoretical, he concludes that 
carbamide ma-y thus be,' determined quantitatively. .With these 
statements,, the author^® .experience does not quite tally; for, ,in an 
a,cidifi 6 d"'mixture,-the precipitate ’.may 'not be formed quantitatively' ; 
..'it may have ,a: different composition,, or it' may not., be formed at all. 
Moreover, in a, neutral mixture of ■the, compo-nents, eve'ii after six 
..in.o-nt.hs^,"keepmg, no- sign of condensation 'was,- o-bserve'd (Expt. 1), 
"'..From a ' slightly, 'aci'difi'ed.' solution', of ';carbairiicle ' (1 mol.-), - the 
' epn.d'.ensate, .with'; O'* 75 mol. of formaldehyde, is metl'iylenecarbat'ni.de''; 

.Preaumablyf ;.thi's ' means^hx'^a 'neutral'- sokitioi'i ' 
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witii 1 nioL of formaideliyde it is siiglitly contamiiiateci \¥itli G-old- 
sciijuidt's compound. With. mois. of formaldehyde, and thence" 
forward up to well beyond 2 mois., the latter compound is the sole 
product. Further increase of the formaldehyde ratio diminishes 
the yield, which, at 4 mois., is small, the product being a substance, 
0511^2^4^4; whilst, with 11 mois., condensation ceases. 

The precipitates obtained by catalysing solutions of carbamide 
containing variable , proportions of formaldehyde, although differ- 
ing, it may be, largely in composition, exhibit a close general resem- 
blance. They occur in minute, w^hite granules, apparently amor- 
phous, each of which, in plane-polarised light, usually displays a 
black cross, like that of certain starches. Practically insoluble in 
all the common solvents, and in cold, dilute mineral acids, they 
are resolved by heating with the latter- into formaldehyde and 
carbamide; infusible, they decompose at a high temperature, con- 
siderably variable with the duration of the preliminary heating 
(somewhere in the neighbourhood of 240 - — 250 ^^, uncorr.)*. 

From these facts it is concluded that the so-called methylene- 
carbamide cannot properly be represented by the simple formula, 

CO<^g>CH2, but is a dimeride, containing, like GoldschlnidPs 


compound, two carbamide residues in the molecule. Its configura- 
tion may be represented as (^")j Gold-' 

sohmidFs compound being the methyiol derivative, 




{II), 


whilst the substance, C5H12O4N4, mentioned above, is probably 


similar, that is, (III). Tbe 

fo-rmiila, CO(NM©*CO*NB[2)2, proposed by Goldschmidt {loc . ' p?*. 
cit,) for his compound does not seem to be in harmony with, its 
decomposition into carbamide and formaldehyde ' by dilute acids p, 
it is siow,ly . attacked, too, by hot alkalis, with the evolution' of 
ammonia, but no inethylamine was detected/' 

Beady-formed methyienecarbamide,^^ when; kept in -contact .with ,, 
ibrinalin, did not .combine with it, to -yield the compound II above, 
a-or did this, under like , conditions, give the, ' possiH© ' derivative, 


-CM, 




(IV); the last compound, ia fact, 

has/not been isolated,, even in.- circumstances apparently favourable. 

From a ' ■ neutral' solution"' ofi -' 'carbana,ide' (1 mol.)' in' formalin' 
(1 nioL)',. methylolcarbam-ide,'. together 'with a iittle'.dimetiiylolcarb'- 
amide,, is.' deposited on ' conco'ntration in - a va.cu-um - over, -sulphuric 
acid. 'The. former co'mp.ound,':it.,w.ould' seem,.;,,is -a-'n'0ar.,precursor '.'of 
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aj-etliyienecarb'aiiiicle ; for, siicli a ■solution, if kept for oiie-aiad- 
a-lialf lioiirs, so as to give tlie cO'iiipoB.eiits a little time tO' ooiiibiiie 
before treatiiieiit witli acid (they do not quickly unite in qiiantit'a- 
fcive amount), began to condense nearly twice as soon as a. iiiixfciire, 
otlierwise siiiiiiar, but freslily j3-repared. IVIoreover, w'ljeii ready- 
formed nietiiylolcarbainkle, in like circn instances of eO'iiceiitratiori 
and of temperature, was 'acidified to the same extent, coiideiisatioii 
sta^rted in one-fif'teenth of the time required by ’ a freslily-rnade 
mixture of carbamide and formaideliyde (Expt. 15). Diiiietliylol- 
carbaiiiide, -on the other hand, is relatively slow to condense — a fact 
already noted by Eiiiliorn and Hamburger (loc, eit.). The reason, 
no doxibt, is that the dimethylol derivative of ' iii.etliyien.ecarb'~ 
aiTiide ^ (IV, above) resists formation in the presence of acids ; so 
that, until time enough has passed for the eiimiiiatioii of a certain 
ain.oui3.t of forniaideliycle, condensation is barred. No' dO'iibt, too, 
the coiiipkte stoppage of the carbamide-formaldehyde coiideiisatioii 
(see above) by a very larg-e excess of formaideliyde is due to the 
iiiaintenance of the carbamide in the state of its dimethylol deriv- 
ative p* if the I’liicoiidensable mixture is added to a concentrated 
aqueous solution' 'of carbamide, a precipitate separates forthwith 
(Expt, 9). 

Having' regard to the abo-ve facts, one may reasonably Judge that 
“ methyleiiecarbaniide results from the ■ deconipo’sition of 'some 
conipouiid,^ generated by the action of, say,, hydrochloric acid on 
rnethylolcarbainide. Of the stages' that must occur, the, first ib 
probably the . change of NHo'CO^NH'CHyOH iiito 
NH^-CO-NH-CHgCl, 

a. compO'iiiid, likely to- be 'unstable, .owing tO' the loss (at Iea.st, if 
water is present) of hydrogen chloride. Through the eliminatioii of 
hydrogen chloride there originates the re^sidue, »NH.>CO*NII‘CH 2 % 

whence, by polymeriBation,. the compo,uiid 

iii;ethykiiecarb:&,micle could,' ■ occur. ,Aii. . essentially' similar, 
change, in fact, has, been observed' by Chattaway (T., 1909, 96,, 
236)','' chlorocarbaniide, .by the loss of hydrogen .chloiide, 'polymeris- 
iiig thus : ; ., 

Really, lio'wever, the carbamide-formaldehyde process is some- 
what more complex than is here indicated, for, as previously men- 
tioned, molecular proportions of carbamide and formaldehyde do 
not give pure “ methylenecarbamide ; moireover, the .condensate of 
a tolerably pure specimen of methylolcarbamide was markedly con- 
taminated with a substance poorer in nitrogen. Further inquiry 
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siiowed. tliaij in tlie acid condensation of inetliylolcarbainide^ a 
secondary reaction occurs, the coiiiponnd being decomposed, to^ some 
extent, into' carbamide and formaldehyde (a change like that of 
aldeliyde-aniiiionia, except that the acid completely neiitraiises the 
animoiiia, whereas it has but little power to fix a base so feeble as 
carbamide). 

Now, an aqueous solution of methyiolcarbainide gives, with 
sodium nitropriisside, and plienylhydrazine, no reaction for form- 
al deliyde, nor does it show the reaction for carbamide with mercuric 
nitrate; neither, when once formed, does '' metliylenecarbainide 
unite with formaldehyde. As the last-named is produced immedi- 
at-ely — that is, prior tO' condensation — the inference was that it 
must attack the nascent methyienecarbamide residues. If so'> 

and if the proportion of formaldehyde is not sufficient to produce 
the incondensable dimetbyiol residues alone, one could foresee that 
methylolcarbamide, when condensed in the presence of a suitable 
amount of formaldehyde, should furnish Goldschinidth compound. 
On experiment with molecular proportions of the two, this forecast 
was, verified (Expt. 13)-. , , ' ■ 

. As regards the condensation .of -carbamide with formaldehyde,,' a 
like ineciianism is imaginable, .since, even in the presence of an 
acid, the organic components might conceivably unite to form 
methylolcarbamide. With mixtures only slightly acidified, and 
hence condensing but slowly, this may be the case; on the other 
hand, with freely acidified mixtures, the condensation of which 
may happen within a few seconds, the action must run , a different 
course. E,xperiment, in fact, has shown ■ that condensation can bo 
accomplished in circumstances where the existence of methylol- 
carb amide is precluded. , , 

Thus, if carbamide (1 mol.)- ■ is ' dissolved in ' formalin- (1 moL) 
previously sa-tu rated with hydrogen chloride, (a'nd so' changed' .into 
chloromethyl alcohol),, no precipitate appears, -a clear syrup being 
formed ,instead.- If hydroge-n chloride is passed - through a , '.mole- 
cular ,solution ot carbamide in formalin until the ' clot which first 
separates dissolves, again,’, a , clear- syrup ' is -formed,, as ,hefore. 
Finally,, ,, if ■ hydrogen chloride -is- led. over , moist, ■ .ready-formed 
“■ methyienecarbamide (or ,if, the latter ,is: added tO' .fuming' 'hydro- 
chloric, acid), the 'solid'disappears,'. giving place to , a syrup* " -■ Each 
of - these ' syrups, .when, - poured' into water, ,yi6lds, .instantly':,, a 
: voluminous, w,hite: precipitate’ ■ of ' the condensation,”- product. , On 
prolonged „,exposure in a vacuum ..-over, lim.e and, over sulphuric 'acid, 
a -clear,- odourless, resinous material,,', .is'; .left; .deliquescent,,-, evolving 
-with, cold’ sulphuric ,,,'acid, 'fumes :-',of,' hydrogen chloride, and,,',, ,ciecom- 
'.posed at once by ;, water,.'.: the-,- who’le- of,;,the 'conta'in,-ed',ha,log6'n''' p-as'S’i’ng 
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into solution as iiydrocHoric acid^ whilst a condensatioii product 
is deposited. 

These changes^ perhaps, may be represented by tii© equations : 

(а) CO(NH2)2 + CK2Ci-OH figO -hNHa-CO'NH^GTlgOi, 

(б) ^C0<^^>CH2H-HC1 — > NHg-CO-NH-CHaCi, 

the product, with excess of v^ater, decomposing as earlier suggested 
(in the latter equation, for simplicity, the halved foriiiiila is used 
for '' methylenecarb amide The substances, however, were nob 
pure, nor, by reason of their deliquescence and instability, could 
any method be devised for their purification. 

The possibility that water, in removing the elements of hydrogen 
chloride, might produce methylolcarbamide (which, of course, 
would react with the liberated acid), was negatived by the observa- 
tion that the change occurred equally when the material was added 
to dilute alkali hydroxide or to a solution of ammonia. Had 
methyiolcarbamid© thus been formed, the acid simultaneously 
being neutralised, no immediate condensation would have followed; 
although not decisive, these results are consistent with the view 
already suggested, namely, that ^'methylenecarbamide'^ originates 
from a residue, “NH*CO*NH*CH2% derived from the compound, 
NH2*C0*NH*CH2G1, or from- one, of its congeners; that is, in the 
acid process, with which alone the present paper is concerned. 

Dimethylolcaibamide may be produced by evaporating a neutral 
solution of carbamide in a sufficiency of formalin and crystallising 
the solid residue from alcohol. The fused material soon decom- 
poses into water, formaldehyde. ■ and ■ Ooidsehmidhs compound, 
aqueous solution, when acidified, behaving in the 

same way. 

From random ■ acidified mixtures' of carbamide and .formalde- 
hyde, C5Hj0O3]Sf4 is the product- likely to prepo-nderate. The 
result, however, depends ; on ' the- ■conditions imposed x and', that 
different workers, handling these ill-defined, amorphous,, insoluble, 

,- and generally similar materials should have -disagx'eed, more' or 
less,' as to the outcome, is not surprising. In the present research, 
the results to some extent have been disentangled; it is almost 
■certain, however, that' the ' condensation - of carbamide, with 'forni- 
. aldehyde is a reaction', mo-re- complex, than has .'been -indicated above, 

- both as regards . the mechanism- and the composition of the, . pro- 
■ ducts .of ""Condensation. ' It need 'scarcely be., added that, .' in ■ these 
-reactions, hydrochloric acid is" no more, a, catalyst than , -.is" the, water 
.orthecarbamid'eortheformaldehyde.- 

Any -definite -acid-, that does not' -'itself d-eco-mpose carb-amid© -may 
accomplish- .the- -foregoing - .condensations, -either , ..with ,. mixtures" -nf' 
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carbamide and formaHebyde or witb tlie metliylolcarbamides, but, 
of tlie products obtained with nearly a dozen different acids, no 
quantitative analyses were made. Carbonic acid was the weakest 
tried; at the ordinary temperature and under the pressure of 
on© atmosphere, a solution of on© molecular proportion of carb- 
amide in one of formalin, previously neutralised, remained clear 
for two or three days, but gave ultimately a dens© precipitate. 
None of the pur© condensation products when kent for an hour 
in contact with water and urease gave a detectable quantity of 
ammonia. 


Expebimental. 

Unless it is otherwise stated, the '' formaldehyde” used in the 
experiments described below was commercial formalin containing 
37*5’ grams of formaldehyde in 100 c.c. of the solution. 

Expt. 1. — To 6 grams of carbamide in. 100 c.c. of water (free 
from air), 9 c.c. of formalin were added; th© mixture, neutralised 
with dilute sodium hydroxide and sealed up from contact with the 
external air, remained clear during six months, at the end of 
which period the experiment was- stopped. Portions rem.ovecl from 
time to time and acidified with hydrochloric acid or with sulphuric 
acid became' densely turbid within' a few seconds. 

Expt. 2. — ^Without the preliminary neutralisation, Expt. 1 was 
repeated.; in four hours, opalescence was visible, and next day a 
copious precipitate had separated. 

Expt, 3. — Expt. 2 was repeated, 2 c.c. of formic acid solution 
■being added to the mixture, which became turbid in less than half 
an hour. Next day, the precipitate was removed,' wa.shed with 
boiling water, and dried; its weight amounted to . 0'91 of that 
possible for 04B[,«,0oN4. The product ■con.sisted of minute, nearly 
spherical granules showing in plane-polarised light a black cross',, 
■and decomposing with effervescence and , browning at about 242^ 
(iincorr.) (in another experiment, at .239®),. -With " rapid heating, 
the „ temperature of decomposition ,ma.y, rise by at least 
(Pound : N = 38*3 ; C4Hg02N4 requires N = 38*89 per cent.) 

.When the carbamide-formaldehyde ratio was exactly .1 the' 
■perc.entage of nitrogen in the condensation product 'was 38*4,, the 
same result' also, being obtained whe'B' a solution containing', only 
,2 per cent, -of carbamide. ..was ' 'condensed in .both ' .cases, „ ■ hydro- 
chloric .acid w.as the catalyst ■used* 

y ■ Expt, , '4. — -Carbamide (1-.' ndoh).' in.;-' tepid aqueous, .solution, '-'and 
formaldehyde .(0*7. mol.),,, when’,, condensed^ with: hydrochloric acid, 

' yielded, a.,,,-prod-u:ct: .similar, ..to,' 'the; preceding, but;givi'iig' :N===,'3,8'*'9,. '-per 

cent', ,'y b v' 
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A qiiaiitity kept for twenty-four hours in contact with a large 
excess of formalin and then analysed contained about 1 per cent, 
of nitrogen less than before; hence the ready-formed material does 
not unite with formaldehyde to produce Goldschmidt's compound 
(N = 32*18 per cent,).” The slight diminution in the iiitrogen- 
coiiteiit iS" probably due to the presence of a little paraforiTialdehyd©, 
a, 11 iiisolublej .gelatinous material, which tends to separate from 
formaldehyde solutions w^hen acidified and exposed to the air. 
Always, in fact, when the condensing mixtures contain free form- 
aldehyde, a skin of this substance appears on the surface, and has 
to be removed; but, even so, the nitrogen-content is often, a frac- 
tion of a per cent, below the calculated value. 

Bstypt. 5. — A solution of carbamide (1 mol.) in its own weight of 
water, slightly warmed and mixed with formaldehyde (1*5 inols.), 
was condensed with hydrochloric acid. Time, three seconds ; yield, 
0*87 of that calculated for C5HjQOghr4. (Found; ,N — 3T7; 
C5Hio03lSr4 recmires N = 32*18 per cenh). 

NotwithstaAing the' large diminution in, the percentage of 
nitrogen, the' properties and reactions were much the same as those 
of methylenecarbamide.'’’ ' The substance was decomposed by 
boiling, dilute mineral acids into carbamide , and "formaldehyde; it 
was insoluble in air the common solvents; the granules showed in 
plane-polarised light and under a magnification of 600 diameters 
the black cross exhibited by the compound mentioned. 

Empt, 6. — Garbaniide (1 mol.), dissolved in formaldehyde 
(2 mols.).at the ordinary temperature, was condensed with hydro- 
chloric acid,' Time, fifteen' seconds '(five' seconds when the rn'ixture 
was kept for one and a-half hours previously to ' acidification) ; 
yield, about the same ' as in the' last experiment. ' Fr'operties, 
similar; decomposing point, 244 ^, or, with , rapid, heating 254° 
(uncorr.). . (Found : N=:.31*6; , requires ^ ISr=-4i2* 18 'per 

'cent.) ' ' ■ 

.Ex-pt. 7,— Expt. '6' was,, repeated' with 'formic acid as '‘'catalyst,'"’, 
■a little water 'being added later .-. to ■ preV'Ciit dense solidificatiGn. 
Time, about .two '.'minutes yield,.; '0*75' ' 'of: the calculated; decom- 
|)o.si'ng moderately 'slow heating,' 2404' (Found: 

„ N.=3'2'' 1 ;' ' G5H40O3N4 requires' , 'H == 32 * 18 ' per cent.) . ’ . ’ 

After ".five, days’ .contact with' formalin in. excess, fo'und' N='32*2' 
per cent. ; no combination, therefore, had occurred, 

; Expt, '8.— “Carbamide " (1 ’mol.) in', 'formaldehyde (4' inols.) 'gave' 
with hydrochloric ".acid a slight turbidity, ,no,t increased by , dilution 
with 'water. ''’Very : slowly, .' the. deposit thickened '' and /after'", twenty- 
four hours' was ' removed "its; 'Weight'. 'was but, 0''*35„'"'of '''that (4*5' 
grams)' of, "the carbamide';,' 'emp'loye'd.r,.., The '.'decomposing point, was 
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a sliade lower tliao, in tlie precediBg cases (about 233° wlieii put 
into tlie apparatus at 150° and 243° wlien put in at 205°) ; otlier- 
wise, tlie substance bad tlie properties already described. (Foiincl : 
N = 29'3; C 5 HJ 0 O 4 K 4 requires N==29’17 per cent.) 

Tills material appears to contain 1 mol. of water more tlian tbe 
conipoiiiid, obtained witli a smaller aiTiouiifc of form- 

aldeliyde. Tbe ex|ieriment was repeated^, tbe- niixtiire being 
alkvwed to remain for an liour before treatment "witli tlie acid; no 
difference;, liowever, w-as noticeable in any way, except tliat, after 
forty-eiglit lioiirs, tbe yield wnis 0'48 of tbe w^eigbt of carbamide 
taken, and tliat some flalres of parafonnaldebyde were, present. 
By sifting, tliese were removed, and tbe nitrogen was estimated; 
it was almost tlie same as before, namely, .29*1 per cent. Possibly, 
tbe coinpoiiiid lias the structure represented by tbe forniiiia 
N:H 2 «CO«N(CIXyOII)*CH 2 -NII-CO*NH“CEi: 2 -OII, or the inetbylol 
groups may be attached to tbe terminal nitrogen atoms. ' 

Fxpf. 9. — With 11 mols. of formaldehyde to 1 mol. of carb- 
amide, althoiigli the temperature rose perceptibly the addition 
of the acid (hydrochloric), the mixture remained cf&ar. Dilution 
with water or treatment with more acid had no effect, but after a 
few days' exposure in an' open vessel, some paraformaldeliycle 
began to 'separate. When the clear liquid was poured into, a con-' 
ceiitrated solution of carbamide, a condensation product 'rapidly 
appeared, of .which no analysis was made. 

In . all the preceding e^xperiments, the amount of hydrochloric 
jicid used was roiighl^r 1 c.c. of the concentrated acid (D" 1*16) per 
6 grams of carbamide; with much larger proportions of acid, the 
results were as stated below. ' 

Eocft, 10 . — ^Two grams of carbamide, in each caS'C, were 'dissolved 
in fuming hydrochloric acid: (i)' 1 -c.c.; (ii) 2 c-.c, ; (iii) 3 c.c.;'. 
(iv) 4 c.c. ; (v)' 6 c..c. .. Then,- to each of the first four solutions were 
added 2*5 c.c. of formalin, diluted with the same acid to 4 c.c. ;. to 
the 'fifth, 3 c.c. of fornia.li’n; the respective temperatures . attained 
were 55°, 55°, 52°, 48°, and 44°. Soon, (i) became' opaqxie and 
solidified; (ii), ,011 co'oling, 'changed . to' 'a' silica-like Jelly '(.iii). 
develojmd ' presently .a few .■ small, clots, which later ' redissolved ;' 
''(iv)' ' and' (v) remained permanently.', clear ;■ all' the solutio.ns, ' wheii 
diluted' with' 'watO't, forthwith became" thickly '.turbid. "■ 'After 
remaining for ten days in a' vacuum -over lime '.and sulphuric ''acid' 
respectively, (iv) f 'Ormed ■. a stiff, ■ . almost . ■■ solid , syrup',' 'giving ■ up ., to , 
water HC1”'23''5' per cent, .of its .weight/ . 

'll',— HyclrO'gen chloride". was; 'pa.ssed, through';, a ''cooled 'S.olii- 
' ti.Qn . of o,arb,a'rnide' ' in ' 1 ' molecular ''.proportion' of' ■formald.ehyd.e, 'and' 

, 'the ",resiiItant,„clear,'.viscO'US''.syrup'^„ poured 'Off., from..', .the clot of cO'ii- 
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fleiisation product. In a vacnitm, as ’before^ the syrup, after scvera.l 
weeks, cliaii^erl to a resin, wliicli decomposed instantly witli water, 
yivinff lip tO' the latter, HClr=:25‘4 per cent. *Oii exposure to the 
air, the resin first deliquesced, yielding a clear, moln'le liquid; as 
more , moisture was absorbed, this became turbid, and finally 
solidified, owin,c^ to the separation of a condensation product. The 
experiment was repeated, the ^as being passed until all the clot 
had redissolved; the syrup, treated as before, gave a clear resin 
having the properties described above, and yielding to water 
IIC! = 24*5 per cent. 

E.Tpt, 12. — Dry hydrogen chloride had no visible effect on dry 
iTiLeth 3 rlene.carbamide/^ but when the latter was moisten ed and 
the passage of the gas continued, the solid gave place to a colour- 
less syrup, gradually hardening in a vaenum. To water, the solid 
product gave up HC1=:27*3 per cent., a condensate separating, in 
which' was found N — 37*85 per cent, (the sample of ^'inetliylene- 
r^arh amide taken for experiment contained N = 38'0 per cent.). 
When added tS'' dilute alkali hydroxide or to a solution of ammonia, 
the chloro-derivative behaved exactly as towards water, hydrogen 
chloride being eliminated and neutralised by the excess of alkali 
present, whilst a condensation product was instantly deposited. 

Like results were obtained when carbamide was dissolved in; 
formalin, previously saturated with hydrogen chloride (oT' mixed 
v^'ith excess of fuming hydrochloric acid), and when “methylene- 
carbamide was dissolved in cold, fuming hydrochloric acid, the 
product in all cases being a syrup, behaving as described above , 
From the foregoing results, .it is evident that carbamide, form.-" 
.aldehyde, hydrogen chloride, and water together produce a hialanced 
system, the equilibrium of which depends on the concentrations of 
the various components. 

Solid, carbarn.ide hydrochloride, 'when- exposed to the^ fumes 
obtained by rapidly distilling . paraformaldehyd.e, did not appear 
; to undergo any change. 

Methylolearh amide. 

' The somewhat elaborate -procedure recommended by Einhorn and 
Hamburger {loc. citi) iot the preparation of this substance, is un- 
necessary ; ,by exposing for a day or two in an exhausted desiccator, 
a . solution , of,, carhamide^ (1 mol.) in. formalin (1 ' moL), Just 
■neiitra'Iised by., dilute alkali hydroxide, a viscid, crystalline paste 
' was obtained., from' which, ; after a couple of recrystallisations ' from 
'alcohol,' ■ methylolcarbamide.: was isolated ,in brilliant, "flattened 
..prisms,,'; melting' .at '■ about 110^'; (corr.). ; (F.ound: N=-30‘9":; 
:;C2H(;02H2 '-'requires- 31 *Hipercen^ ' 



IfOEMALBEHYDE AND CABB AMIDE. 


247 


Tlio aqueous solution was odoiirksSj and gave witli sodium nitro- 
priisside and plienylliydrazine no reaction for forraaldetiydej and 
witli neutral mercuric nitrate no reaction for carbamide. On 
acidification, liowever, formaldehyde was detected, both prior to 
condensation and long after. the process appeared to he complete. 

I 

Dhnetliylolcarb amide . 

A neutralised solution of carbamide (1 mol.) in a little more 
than 2 mols. of formalin, when treated as above, yielded diniethylol- 
carbamide ; it had essentially the properties described by Eiiihorn 
and Hamburger, including the relatively slow condensation by 
acids. In moderately concentrated solutions, this process requires 
approximately minutes, where seconds are needed in the case of 
the monomethylol analogue. Otherwise, its , behaviour in an 
aqueous solution was the same as that of methvlolcarbamide. 

Tlie fused material soon began to decompose (m. p. about 123®). 
water and formaldehyde escaping, and a white, aAorphous solid 
being left; this, when heated alongside a pure specimen, of . the 
compound, C 5 Hio 0 .qN 4 , melted at the same moment as the latter, 
and with similar effervescence and browning (255®, imcO'ir. ; both 
introduced into the hath at 235®1. By condensing an aqueous solu- 
tion with dilute hydrochloric acid, the same product was obtained ■ as 
bv heating; it gave H = 32*8 ner cent., whereas requires 

H=32'18 per cent. The end result of these changes may thus , be 
represented : ■ ■ ■ 

2CO(HH-CH<,;OH)^^ HoO + CHoO + Cr,H,,03H4. , ' 

Hxpt, 13.— Approximately pure metliylolcarbamide,' when con- 
densed by iAeans of dilute hydrochloric acid, yielded a product con- 
taining only 35*5 per cent, of nitrogen ■ methylenecarbamide 
requires N=38*89 per cent.), the deficit presumably being due, as 
earlier suggested, to the attack of the methylolcarbamide* when in 
the act of vielding its normal condensation product, by the form- 
aldehyde which is liberated before- that .act is complete. 

■ The experiment was repeated, 1 molecular proportion of:, form- 
aldehyde being first added to the ^solution of methy!olcarbam,ide ; in-' 
these'' circumstances, the solid product .was found, to consist 'solely of 
Croldschmidt's compound. - (Found, ]Sr=i32'25." 'C 5 Hi(,OgN 4 . requires' 
32-- 18. per. cent.) 

'14.— In'- -order.' to learn whether the' last-n am. ed compound, 
might' .result- through..,' an. , interaction - betwe-en . tiie - 'twoi methylol-.-.' 
ca'rbamides, ■ somewhat ' as , follows ' 
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a nioieciilar mixture of tli© components, in ac|iieous soliitio'ii, was 
acidified, tli© mixture (which began to condense in forty seconds) 
being allowed to remain owerniglit. .Here, if the two jointly con- 
densed, the sole product must be the material containing* N = 32*18 
per cent., whereas, if they condensed iiidepeiidently, the first pre- 
cipitate would be the mixture referred to in Expt. 13 as contain- 
ing N = 35'5 per cent., to which later the co-ndeiisate of dinietliylol" 
carbamide (N=:32“18 per cent.) would add itself; so that, tilti™ 
mately, the product must give a figure somewhere between the twO'. 
The percentage a.ctiially found was 33*35., and when the experiiiient 
was repeated, but with 0*75 mol. of dimethyl olcarbamide, tlie figure 
was 34*6 ; hence, it is concluded that, in a mixture of niethylol- and 
diixiethylol-carbamide, acidified with hydrochloric acid, the two^ sub- 
stances condense'' independently. 

Although in the acid condensation of the former, the elimination 
of formaldehyde prevents the production of pure methylenecarb- 
amide, yet' fused in.etliylolcai*bamide soon' decomposes, water being 
evolved, but little or no formaldehyde. In this case, the ‘residue is 
doubtless free from much contamination with Goldscliin;idt'h com- 
pound; no analysis, However, was made. 

Wx^t. 15. — Solutions were prepared (a) of methylolearb amide, 
(5) and (c) of carbamide and formaldehyde in molecular pro'po'rtion.. 
All 'had the same carba.mide-cO'ncentration (1 gram iii"' 6 c.c.').; 
equal volumes of each, at 13^, were acidified with oiie-twelfth tlie 
volume of concentrated hydrochloric acid. Prior to acidification, 
'however, {h) was kept at 13® for an hour and a half. The' times 
elapsing before precipitation were, for less than three seconds, 
for {!}) twenty-eight seconds, for (c) forty-five seconds. Eeadynmade 
methylolcax'bamicl©, therefo-re, condensed at least fifteen times as 
rapidly as a .mixture of its .components, Vliicli h-ad' remained, fO'i' 

. some five, or six minutes, whilst a like mixture, kept beforehand for 
an hour a.nd ,a,-half, condensed, in.. nearly half the time. ^ 

..'Evidently', ■ the union of' fo'rmaldehyde with .carbamide takes. pla(:EO 
only, by degrees; in fact, ,'a solution, kept .for twenty-four hours' in' 
"a . vacuum (fesiccatO'.r,',stiIIAad' a. strong odour of .'fo'rmaldehyde. ' In 
the pres6,nce of barium .hydroxide,, too, at .the .conceritratio'ii lecom- 
. inended ■ by Einhorn and Hamburger,..' , the ..same phe.'uomenon. .was 
' noticed,'; ,. .. ■ 
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XXIX , — The Suh-hromide cmd Siib-chlorule of Lead. 

By Henry George Denham. 

In a recent paper (T., 1917, 111, 29), tlie aAitlior lias described 
a metbod for tbe preparation of. lead sub-iodide by tlie action of 
inetliyl iodide^ vapour , on lead sub.-oxide. As indicated in tliat 
paper, , the niethpd appears of a somewhat general nature, applic- 
able at least to the ..pre.paration of .other sub-salts of lead. In tbe 
present paper,, the .method has been used to prepare lead sub- 
broin.,ide and sub-chloride, the only radical , alteration being in the 
replacement of. the methyl haloid by the ethyl coinpouiid, owing to 
the more convenient boiling point of the higher homologiie. 


Lead Suh-hroMide, 

The apparatus already described in the previous paper (lac. cit.) 
has, with a few minor alterations, proved quite suitable. The lead 
sub-oxide was prepared from_ lead.^ oxalate _ (Found: Pb = 70T7. 
Calc.: Pb=: 70*18 per cent.) precipitated from an acid solution of 
lead acetate by the addition of oxalic acid, the actual decomposi- 
tion of the oxalate into the sub-oxide being carried out precisely 
as described in the former paper. The alterations in the apparatus 
to be noted were the replacement of phosphoric oxide as a drying 
agent by anhydrous calcium chloride, and the introduction of a 
contriction in the glass tubing leading from the oven to the con- 
denser. The former was a matter of .necessity, owing. to a temporary 
• shortage of the phospho.ric oxide, the latter was devised to'^facili-' 
t ate the control of the distillation.^ Shortly ' after the ethyl 
bromide ' had been introduced into the apparatus,' a little dis-' 
tillate collected at the constriction and formed a . most co.nvenient 
gauge ..for noting the velocity '.of distillation. ' This ■ is a very 

^ Purification of the Mthyl Bromide.— The ethyl broTri.kie was p,rep,areci 
from chemically pure potassium bromide, etliyl 'alcohol, .and sulphuric, acid. 
The,' distillate was, treated with, .dilute' sodium' car fooiiate solution, •,: several 
times .with water, then shaken at least' four or five times ‘with concentrated 
S'^tilphuric acid, and finally with 'water (owing.- to a tendency to emulsify, it 
iyas-o,ften found necessary' to wash several times with'dilute sodium hydroxide 
iSo'lution before the final washing with water). ' The '.bromide was dried over 
calcium '..'chloride, and, fractionated -'from,' phosphoric .oxide,' the" fraction' of 
constant boiling '.point alone being used.. -This method of purification. Had to 
be. .'.rigidly foll,owed, otherwise' samples "of methyl bromide- w-ere . obtained'- that, 
contained , traoe,s of 'some, .reactive .impurity '..in,': sufS-cient quanti.ty .to'- "Oaus©'' 
' ,appre.ciable'i..6rrom'^ when,,'a" relatively, tege -amount -.of the bromide. #as^. .-distilled 

though:, ..the,, .suh-^bxide* 
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essential point, for the etliyl ‘bromicl© appears to react miicli. less 
vii^oroiisly witli lead sub-oxide than does rnetbyl iodide. Tims, in, 
tb© preparation of lead siib-iodid©, about fifty ininiiteR^ distilla- 
tion sufficed to convert tbe siib-oxid© into tli© siib-lialoid, whilst 
in tb© present case at- least 150 minutes^ distillation was required 
to secure complete reaction. Tli© need for a preliminary beatiny 
of til© vapour before it enters tbe reaction bulb is even more 
necessary tban in tbe case of lead sub-iodide. Tbis wa© a.g-ain 
obtained by P'assin.sr tbe vapour tbrou.sfb a capillary spiral. Tbe 
©xtreme slowness of tbe reaction naturally leads one to- sea,rcb 
closety for tbe temnerature at wbicb tbe ©tbvl broin,ide just ©scaped 
deconroosition. By tbe process of ''bracbetins^,^’, it was found 
that tbe distillation can be safelv carried tbrouyb at 26P, but not 
bi^^her. At temperatures mucb lower tban tbis, tbe last traces 
of sub-oxide react verv slnvsisbly; for example, at analysis 

indicated tb© presence of 74T ■ per cent, of lead (PbBr requires 
Fb = 72T6 per cent.), altbougb, by tb© prolonsfed absence of tb^ 
evolution of gas, tbe reaction appeared ■ quit© complete. At 262® 
gas was evolved until tbe end of tbe experiment, tbe product was 
Toucb lighter tban tbat obtained in experiments carried out at 
261®, and analysis gave Pb = 70*2 per cent. Undoubtedly tber© 
bad been incipient decomposition of tbe bromide vapour, with 
liberation of bromine and subsequent oxidation of tbe lead .sub- 
bromide to tbe normal bromide. Indeed, it may b© safelv asserted 
tbat wbenever tbis ©volution of gas continues tbrouvliout tb© 
experiment, on© invariably obtains a product contam,in,a,ted bv 
more or less lead bro.mide. -After tb© distillation was completed, 
tb© receiver containing ib© distillate was -cooled, witb liquid .am- 
monia, tbe - apparatus partly - exhausted, tb© receiver sealed o-ff, .and 
the exhaustion:- continued, until tbe pressure bad ' fallen to- about 
1 mm. It was found to'b© unnecessary , to continue -the ©xbaus- 
tion longer as 'several experiments, showed- no trace of a .volatil© 
product, su-cb as occurred ' in ■ tb© preparation , of lead^ subiodide. 
On tb© other band, tb© amount of . non-volatile carbo-naceous matter 
was-, sufficiently, high' to necessitate -estimation,, .generally amount- 
, ing -to : from '0*3 .to 0*5 per cent.' of ..the . weight , o-f , tbe .,-le^ 
:b,romid©:.'-^ ' - 

Method of Analf/dii.~Tl[ie mixture 'of lead, sub-bromide,- ' carbon- 
aceous matter,, and silica, was' digested witb concentrated acetic acid, 
then extracted with water ;. after four - extractions the residue was 
treated witH, a -Httle-hot, -very .dilute nitric acid, '....as' -it was'. found 
that tbe carbonaceous matter .otherwise .tended 'to coagulate and 
retain , traces of "lead - bromide.- - -' .Two ' wasbings ; with- tli©''-,''d-'i!ute ' nitric 
acid sufficed to remove tbe .whole of -the dissolved bromide. The 
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bromine was then, weighed as silver bromide; the silica and carbon 
were weighed in a Gooch crucibloj and after ignition in a muffle 
the weight of carbon was obtained by difference^ 

The analytical details of the accompanying experiment will make 
clear the use, to which the knowledge of the percentage of carbon 
w^as put ill arriving at the percentage of lead in the sample. 

Typical Experiment, 

Two bulbs each containing about 5 grams of lead oxalate inti- 
mately mixed with 2 to 3 grams of powdered silica. 

Decomposition took place at a maximum temperature, of 340° 
and maximum pressure of 5 cm. Ethyl bromide: about 15 c.c. 
Temperature of , distillation, 261°. Eemarks , — Five c.c. of distil- 
late had collected in sixty-five minutes. No gas evolution for the 
last forty minutes. Duration of distillation, one hundred and 
thirty-five minutes. 

Estimation of Lead : — 


Weight of bulb and contents = 8*664:8 

,, ,, 3*7758 


,, „ carbon, silica, bromide =s 4*8890 

Corrected for air displacement = 4*8910 

Weight of silica = 4*4039 

„ „ carbon (calculated from Br analysis) ...... = 0*0017 


,, „ bromide used. 0*4854 


,, ,, lead sulphate, , ™ 0*5148 

Percentage of ■ Pb ' ' =72*40 


Estimation of Bromine : — 

Weight of bulb and contents ■ = 8*6020 

. , 3*4394 


' ' „ „ carbon, silica, bromide ........................ = 5*1626 

Corrected for air displacement ,■ = 5*1644 

,, carbon and silica ' = ' 4*4927 

„ . ' substance'., = 0*6717 

■ „ AgBr found ,■ = 0*4424 

Percentage of Br... 



252 DBIMHAM : THE SHB-BEOMBE AE’B SUB-CHLOEIDE OE LEAD. 


Sf/ ft apsis of EesuUs, 
rAbsence of 


Experl- Duration of 

gas evolu- 

Pb, 

Br. 

meiit. 

distillation. 

tion for 

Per cent. 

Per cent. 

1 

135 mill. 

40 min. 

72-5 

28-0 

2 

122 „ 

20 „ 

71-7 

28*4 

3 

'' 140 „ 

25 „ 

' 71-6 

27*5 

4 

180 

60 „ 

72-5 

27*3 

5 

180 „ 

20 „ 

72-5 

28*4 

0 

175 

20 „ 

71-7 

28*2 

7 

135 

50 „ 

71-8 

28*0 

8 

135 „ 

65 ,, 

72-6 

28*0 

9 

155 „ 

• 90 „ 

71-9 

27*9 



Mean 

72*09 

27*97 



Calc 

72*16 

27*84 


Tlie sliglit fluctuations about the mean undoubtedly arise from 
the extreme difficulty in (u) securing complete absence of oxygen, 
not only in preparing the sub-oxide, but in the- introduction of the 
ethyl bromide and in the distillation, for example, 0‘1 c.c, of 
oxygen, let into the apparatus would cause an error of nearly 
0*2 per cent, in the -estimation of bromine; (6) mamtaiiiing the 
temperature of the oven Just below that of incipient decomposi- 
tion during distillation; and (c) securing sufficiently slow velocity 
of distillation to secure thorough heating of the vapour tliroiigh- 
out a lengthy experiment. 

Properties of Lead Stvh-bromide, — The substance oxidises very 
slowly, more rapidly if the air is moist. After boiling with, water 
in^ the air and Altering, very little evidence is obtained in the 
filtrate, either of lead or of bromine, whilst if a satui*ated solution 
of the sub-bromide us prepared in the absence of air, there is 
obtained with hydrogen sulphide, 'a darkening in the 'Colour of the 
solution/ but no , precipitate -separates; under' similar conditions 
lead bromide ■ gives :a heavy, black precipitate. ,,' A 's,aturated^ solu- 
tion ..prepared- in -a vacuum-, gives -with silver nitrate only a faint 
., opalescence. ' ■ , 

The .colour -of the sub-bro-mide appears to be a distinct gray, and 
although, the .presence of 0*3 to 0*5 per cent.- of ' carbonaceous ma,tter 
'must -necessarily 'darken' the .'colour, .'there -is little doubt that' the 
..'grayish "-''.appearance is ' characteristic of the sub-bromide, for "the 
..f.oIlow.mg,'rea'Sons : (a) - Whenever ' analysis gives- a higher percent- 
age, of -bromine than '27.*-9, that 'is, whenever oxidation' has occurred 
;,throu'gh the ■ tem'perature ..being sufficiently high ' to .' liberate 
■bromine from, the ethyl bromide with 'consequent oxidation -of - the, 
sub-bromide to. the normal bromide, the. colour changes' to.,'.a much'' 
.paler- one, the -substance-, -becoming, at:'- ■times..^',nearly.'' white,',' 
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After a rapid distillation carried out at 300® tlie product was 
found to be a pale gray, altliougli tlie percentage of bromine did 
not exceed 30' 6. 

Moreover^ siicli a pale coloured product gives^ on extraction with, 
iiot water, a copious precipitate with a solution of silver nitrate, 
a reaction which totally fails when the gray product is used. 

(5) On heating gray lead sub-bromide in a vacuum for two hours 
at 370®, the colour becomes distinctly paler, and a rapid extrac- 
tion wdtli hot water reveals the presence of a considerable ainoiint 
of lead bromide. 

The sub -bromide slowly decolorises bromine water, rapidly on 
vrarmiiig to about 50®. The sub-bromide, on treatment with 
acetic acid, nitric acid, etc., immediately decomposes into lead and 
lead bromide, and after diluting and boiling, complete solution takes 
place, except for a small quantity of carbonaceous^^ matter. 

Determination of Soluhility . — As a further proof of the indi- 
viduality of til© compound, the determination of the solubility 
of the salt in a vacuum by the conductivity method was used. 
The apparatus already figured Qoc, cit,) was again used. Small 
bulbs of thin glass containing silica and about OT gram of , lead 
sub-bromide were prepared by the usual method, and the purity of 
the samples was controlled by the analysis of the contents, of larger 
bulbs. The actual procedure already described (loc, citf) was 
closely followed. 

The resistance of a saturated solution of carefully prepared 
lead bromide at 25® was found to be 22 ohms, remaining constant' 
for two hours. 

The mean of two closely agreeing experiments with lead sub-' 
bromide gave 'the following results: 

Resistance of tlia water before breaking the bulb...... = 26000 ohms. ' 

After breaking the bulb.... ' , = I860 ,, 

this reinaimiig unchanged for. several hours.. 

If the ionic '.mobilities, of the bromine and the. lead ions (whether 
Pb+ or Pb 2 ++) are assumed to -'be the same. as 'in the' case'' of the, 
normal, bromide (76t6' and -71*8 respectively), and, if comple't© 
dissociation- , takes place," the solubility , of,,, the sub-bromide'' ,is' 
0*4' miiii-equivalent per,', litre. ' This value is "..about .the' same as', that 
'.for 'the subiodide already recorded ".(O'SS 'milK-equivalent" per -litre),' 
.. 'but" in b.oth- cases it - must .be'- emphasised that' the . values,- obtained 
for the .solubility are : probably a little high, due" .to ''Unavoidable 
traces' ' of ' the" .normal,, salt. ,.■ .Such .traces are almo'st . certain ,tp' :' be 
'form'ed ' .through. ' the., 'Action; '; ,of '.-heat .'.qU' . the ; eub-salt' ', 'during .the 
sealing, of„;.th'©', bulb, '-.whilsthh-e"' carbonaceous matter, too, may exert 
; a.n;' 'influence -.on ';the^,'eolubility..;7 '7 
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Lead Suh -chloride. 

Wiieii ik© lead oxalate kas been completely decomposed into 
siib“Oxide abont 10 grams of ethyl chloride thoroughly cooled by 
liquid ammonia were introduced into the distillation flask. By this 
means any desired ' quantity could be rapidly introduced from the 
tubes. 'The distillation of the chloride could be rapidly regulated 
by adjusting the temperature of the water-bath ^ but owing to the 
low boiling point of the chloride no eifort was made to collect the 
distillate. The reaction between the sub-oxide and the vapour of 
the ethyl chloride was very slow, and it was soon found that 
approximately three hours were required for the distillation and 
a temperature as high as 311° (as recorded by a standardised 
thermometer). This is shown in the following table. 


Table I. 


Experiment. 

Temperature. 

Duration. 

Cl, 

Her cent. 

1 


85 min. 

4"2 

2 

275 

135 „ 

7*4 

a 

300 

105 „ 

il*i 

4 

aio-n 

165 „ 

14-4 

5 

312 ' 

160 „ 

15*0 

6 

315 

180 „ 

17*2 



Theoretical ... 

I4*.r 


The highest temperature at which the distillation may b© carried 
out appears to be 311°, and the duration of the experiment in 
the neighbourhood of three hours. ' The slowness of reaction sug- 
gested' that it might be possible to carry through the ©xperiinent 
without having silica present, as was the case with The sub-iodide. 
In . two experiments it was '■ impossible to : detect any dilierenee 
between samples , prepared in the presence and. in the absence ■ of 
silica, and in the majority of the experiments tabulated' in. table II 
silica was not used as.' diluent. The only other change 'in the 
procedure was that phosphoric oxide was again used as a, drying 
agent, , in order to eliminate any 'traces of ammonia absorbed by 
', 'the ethyl ', chloride when it was b.eing introduced into the appa- 
ratus. ' ■ . 

M.etkod : of Analysis.— A slight modification in the method of 
estimating lead was necessary ■ owing to .'.the high percentage' of 
carbonaceous' matter .retained in the reaction bulbs.'' . ,As : .a rule" 
; the estimation, of ' chlorine ' . revealed the .presence of . ■ '.about '2 per 
'I cent, by weight of carbonaceous matter. The low value'' .at .first 
fdund. by the. old, method in .the estimation of' lead . .under' conditions' 
the estimation of 'chlorine led... one. .to expect that a pure 
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sample of siib-cMoride liad been obtained, suggested that tlais 
carbonaceous matter, in^regnated as it would be witb lead sulphate, 
migM be exercising a reducing action with a consequent slight 
loss of lead. Thus in one experiment the percentage of chlorine 
found was exactly correct, whilst the percentage of lead was 84*4 
(calc. 5 85‘4). Two bulbs were then prepared, the lead in one being 
estimated by the 'method already described; in the other the sub- 
chloride was extracted five times with hot dilute nitric acid, the 
filtrate concentrated in a weighed silica crucible, and finally evapor- 
ated with excess of sulphuric acid. The results by the old and the 
new methods were respectively 83*6 and 85*1 per cent., a duplicate 
experiment giving identical results. The results recorded in 
table II were obtained by the modified method for estimating lead, 
the percentage of chlorine being obtained in a manner similar 
to that described for the bromide, except that no estimation of 
silica was necessary. 

The analytical results are given in table II. 


Table II. 



Duration of 

Pb. 

Cl. 

Experiment. 

distillation. 

Per cent. 

Per cent. 

10 

100 min. 

85-14 

14-24 

11 

205 „ 

85*30 

14-85 

12 

165 „ 

85-53 

14-90 

13 

210 „ 

85-11 

14-60 

14 

210 „ 

85-17 

14-04. 

15 

180 ,, 

85-94 

14-91 


Mean 

85-36 

14-59 


Theoretical ... 

85-30 

14-61 


Pro’perties of Lead 8%t'h-chlo7ide.’--The colour of the, sub-chloride 
is closely similar to the gray colour of the sub-bromide. It must 
again be® emphasised that ■ the : gray appearance- ' does not , arise 
from the presence of the carbonaceous matter, for if the suh-cliloride 
is heated in a vacuum above 400°, it becomes nearly white owing 
to the ■ reaction : 

2PbCl-->'PbCl2 + P^; ■ ■ 

the whiteness; of the normal chloride more than compensating' for 
the darkness arising from' the' presence '.of /an^equivalent',' quantity' 
of' lead... ', The sub-chloride' 'is., 'fairly 'stable in air,,; but rapidly 
decolorises " broraine/wa ter and permanganate .solution: 

A ..saturated , .aqueous soIutioii"’pf . 'lead 'sub-chloride /prepared.. "iU' 
n ' vacuum, ..gives: ' av.’faint -/.precipitate ■■ with eilver ,'.nitrate.'..:',as' ' well'';^ 
with. ' hydrogen sulphide, strongly , contrasting in this respect with''. 
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tile less readily soluble sub-bromide and.' sub-iodide. Tlie sub -salt 
is also readih^ decomposed by acids. 

Beterminaiioj'i of Soluhilitj /. — As a quantitative proof tliat tlie 
gray substaiiee is not an intimate mixture of lead and lead eliloridc 
ill ineleeiilar quantities, a comparison of its solubility wiidi 
of til© normal obloride bas been mad© by tlio conductivity rnetliod 
already described. 

Resistance^ of a solution of lead chloride, three times recrystab 
lised, at 25*^ = 15*9 ohms, a second deterrmnatioii giving the same 
result. 

A small bulb containing O'l gram of lead sub-cbloride was Irroken 
ill a vacuum. 

■ Resistance before the bulb was broken ~~ 21000 olirriR. 

„ after „ „ „ „ ==. ‘MO „ 

If on© assumes the ionic mobilities of the lead and cMorine ions 
to be the same as for the normal chloride (ITS and 75*5 respec- 
tively) and that complete dissociation takes place (highly probable 
if the constitution of the salt is represented by the formula PbCl, 
but subject to correction if the formula should prove to be PbgClg), 
the solubility is found to h© 2'2 milli- equivalents per litre. 

Summary, 

1. Lead sub-chloride and lead sub-bromide have been prepared 
by the action of ethyl chloride or brom.id© vapour at 31 P' and 
26P respectively on lead sub-oxide. . 

2, Both compounds are grey,' sparingly soluble, fairly stabbr in 
air, but readily oxidised by bromine water. 

,3. The sub-chloride has a 'solubility of about 2'2 milli-eqiiiv;r' 
lents per litre, the sub-bromide 0:4 milli-eqiuvalent 'per litre. 

4. The sub-salts are readily decomposed by acid into 'tlie iiormai 
salt and metal. 

Purther" work on tbe sub-salts of lead^. etc., is still in progress, 
:Th©, author desires to record his. appreciation of, the facilities phujed 
at his disposal by the Walter and Eliza.. Hall Trust for the prosecu- 
tion .of this research.', 

CHEM10An:XABOBAa:OBY, 

, , TJmvbbsity;: or ^ QnEExsnA'Nn, 

BbisbaNe. , , ^[Mecewed, FehmarylMh 
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XXX.— TAe Strmtiire of Crystalline ^-MMhylfructoside. 

Bj Ettie Stewart Steele. 

Considering the part played by fructose as a coiistitiieiifc of 
natural disaccharides and polysaccharides, the simple condensa- 
tion reactions of the sugar are invested with a special importance. 
The prosecution of these studies is, however, seriously handicapped 
by the fact that few crystalline compounds are known to result 
from such condensations, and further complication is introduced 
by the recent observation that fructose may react in two forms, 
one of which is constituted according to the ethylene-oxide type 
of sugar (Irvine and Bobertson, T., 1916 , 109, 1305)» 

Taking these factors into account, it is evident that the examina- 
tion of the formation of friictosides is beset with difficulties. 
Thus, the action of acid methyl alcohol on fructose leads to the 
production of an uncrystallisable syrup, which Fischer (Ber., 1895, 
28, 1145) originally regarded as essentially inethylfructoside, and 
that, this product was a mixture of isomeric friictosides was after- 
wards shown by Pur die and Paul (T., 1907 , 91, 289), who traced 
the progress of the condensation by polarimetric observations. 
The complexity of the reaction between fructose and methyl alcohol 
was further indicated by the fact that, on m ethylation followed by 
hydrolysis, the above- mixture of friictosides gave rise to two dis- 
tinct forms of tetramethyl fructose, one of which is crystalline and 
the other a colourless syrup.' The optical relationships of. the-' solid 
variety of tetramethyl fructose corresponded with those which 
might reasonably be expected ■ on the -assumption that, during ■ the 
formation of, methylfructoside, the parent sugar had reacted', 
partly in the normal butylene-oxide form , and that this structure 
was preserved in ' the alkylated ketose. On the other hand, the 
nature of the syrupy, isomeride remained obscure until it was 
recognised that fructose, in ■■common' with: other ' reducing sugars,, 
is capable: of reacting in ' an entirely',, different ,lorm, containing 
presum'ably ,the ,e.thyI'ene- 0 X'ide link.ing'.' ^ These views have Already' 
received, 'expre-ssioB' (Irvine,,, and 'B'obe-rts'on, loc, cii.), and' the,, ■■•ex-; 
"pl'anation Bas ,been put forward, that the syrupy methylfructoside' 
de.scribed: by, Fischer , contains, four, .'isomeric compounds, two of 
■ which -are ''derived, 'from, .the ■ normal-, and two from; th,e , -abnorm,al 
■'forms '/'of, the parent '.sugar, , ■ 

' ■■■■'-, The'. iS'olatioii .by 'Hudson :'(/:., ,4 1'91,6, 38., 1.216)". 
■,of', a- ", definite,',, "crystalline. ,,v.ariety^'-of'. methylfructoside presents an 
opportunity to test these views and thus to correlate the results of 
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tlie different} workers in tMs field. By ascertaining tlie beliavioiir 
of tliis pure solid fructoside towards potassium permanganate solu- 
tioiij it lias now been shown that the compound belongs to the 
stable type, and thus corresponds with the ordinary a- or ^-varieties 
of methylglucoside, and the magnitude of the specific rotation of 
the compound is in agreement with this view. With this point 
settled, it has been possible to prove that the crystalline variety 
of tetraiiiethyl fructose is likewise a derivative of the butylene- 
oxide form of fructose. The proof consists in the fact that’ 
Hudson^s methylfructoside, on comple-te methylation and hydro- 
lysis, is converted into a crystalline tetramethyl fructose identical 
with one of the products obtained by Purdie and Paul on subject- 
ing syrupy methylfructoside to the same series of reactions. 

It is thus possible , to complete the interpretation of the some- 
what complex reactions involved in the condensation of fructose 
with methyl alcohol. The sugar reacts in large measure in the 
ethylene-oxide form, giving rise to a highly reactive methyl- 
fructoside, but, at the same time, normal condensation takes place 
to a more limited extent. The condensation must thus resemble' 
in many ways that involved in' the formation of sucrose, as it has 
been shown that the fructose constituent of the disaccharide con- 
forms to the ethylene-oxid© sugar type (Haworth and Law, T., 
1916, 109, 1314). There is, in fact, an accumulation of evidence 
pointing to the idea that most fructose derivatives are constituted 
according to this plan, but, .as already stated, a notable exception 
is provided by Hudson’s crystalline methylfructoside and the tetra- 
acetyl fructose from which it is prepared, as these compounds are 
undoubtedly representatives of the stable butylene-oxide ' type. 

The complete relationship between the reactions now , correlated 
may be expressed in the scheme on page 259. 

The definite compound A is thus a constituent of the , mixture 
By and is the source of crystalline tetramethyl fructose" of the' stable, 
type. '.W 

, ' Incidentally, in. the course of the work a certain amount of fresh 
information has been gained as to the action. , of, acetic anhydride 
.and zinc chloride' on fructose. Hudso'n’s view .that the reaction 
yields the tetra-acetate as . an intermediate step in the 'formation 
■of the penta-acetate has been-. supported.' The yield of tetra-acetyl 
fructose is, however, only moderate even under the best conditions, 
'.'.and.a consi'derable quantity .of .an ' uncrystallisable syrup is formed 
"'Which', has the ■ composition' of. a triacetate. .This was at' first 
regarded as " a '.mixture . of partly^ acetylated fructoses', , but as .the 
:' coinp'O'SitiO'ia and specific ,, rotation, were ''.not altered 'by further, action 
with :' 'acetic or by- fractional "treatment with' solvents," it 
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ra-acetyl fructose 


t 

Tetraiacetyl 

metliylfructoside 

Y 

j8-Metliylf ructoside, A . 


t 

Tetrainethyl 
/S-iaethylfructoside.' 

would appear to be a definite cberaical individuaL The com- 
pound showed the instantaneous reaction towards potassium per- 
manganate solution which is characteristic of the ethylene-oxide 
type of sugars, and considering the special reactivity of such com- 
pounds, the resistance towards complete acetylation is remarkable. 
This steric hindrance also extends in some measure to alkylation, 
as, by treatment with silver oxide and methyl iodide, only one 
methyl group could be introduced into the compound, although 
two hydroxyl groups are presumably available for substitution. 

In sharp contrast with these results, the crystalline tetra-acetyl 
fructose of the butylene-oxide type displays no resistance to com- 
plete substitution, as it can be readily converted ' into one variety 
; of penta-acetyl fructose and also forms a fully acetylated methyl 
friictoside. In one respect, however, the compound' is abnormal in ' 
that, although belonging to the butylene-oxide type and a true re- 
ducing sugar, it fails to display mutarotation. ' This has already, 
been noted' by' Hudson, and is now confirmed in so far as repeated 
attempts "to isolate the compound in mutarotatory forms, invariably 
failed. ' " In one sense, it is ' disappointing to find that teti«-acetyl" 
fructose,,, does not belong to the ethylene-oxide typ'O, as' 'the ,pos,si-;" 

" bility seemed/ o-pen that the compound . might provide a suitable' 
reagent ' for . the: synthesis of 'sucrose. The structural relationships.'..' 
',of the. compound,, as now elucidated, are .shown ...below,' a'lid,.. '.'taken':' 
iU' conjunction,,, w'ith''''the: constitutional study of sucrose contributed 



Mixture of H 

int 3 tliyIfructosides, B, 

4 ' 

Mixture of 

t-etra'oi ethyl nietliylfructosides 


4' 

Mixture of 
tetrainethyl fructoses 



Ethyiene-oxide Butylene— oxide ^ 

type (syrup) type (crystalline). 
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hj Hawortii and Law (loc, citJ)y render this expectation somewhat 
remote. 

Fructose 

(treated Avitli acetic anhydride and zinc chloride reacts as) 

Butylene— oxide fructose Ethylene-oxide fructose 

i 

Triacety 1 fr iic fcose 

/ 

Further acetyl- Methyl triacetyl 
atioii arrested, fructose 

T 

Further methyl- 
ation arrested. 

Experimental. 

Pre'paration and M ethylation of 0-Methylfructoside. 

The fructose employed was specially pure crystalline material 
prepared for hacteriologicai use by the hydrolysis of inulin. The 
sugar ' was converted into tetra-acetyl fructose' in the usual way and 
thereafter methylated so as to- produce tetra-acetyl jB-methylfruc- 
toside. On removal of the acetyl groups by ' the agency of barium 
hydroxide j pure ^-metliylfructoside was obtained as described by 
Hudson (J^ 'Amer,^ Ohem, Soc,, 19'16, 38, 1216). 

To a methyl-alcoholic solution- of' the f'ructoside , (1 moL), 'were 
added silver oxide (5' niols.) and -methyl iodide (10 mols.) in the 
usual; way,, and the alkylation, which "proceeded normally, was com- 
pleted, by six hours" warming:on---a water-bath. .After filtration from, 
.'silver ■ ■ i^odide and ' extraction of the residue with boiling methyl 
-alcohol,, the .solution' was' evaporated under diminished pressu, re to, 
a syrup,' and,- the -total product 'subje'cted to a second alkylation',, in 
which' ,tfte- same ■ proportion' of - the methylating ' agents w,as used. 
In this '-case no 'extraneous 'solvent was necessary a,S''the -syimp was 
.freely, soluble in methyl iodide. On'isolatio'n of the; product, tetra- 
methyl, 'iS-iE'ethylfructosid©- 'Was ’obtained' as a colourless, mobile 
syrup, -''showing-' -practically .no- action- on Felilingh solution until 
---after'.,-hydro'I'y3m,'^',,''''-The''com'pound'' was' iden^ with that obtained-,' 





Tetra-acetyl fructose 



Tetra-acetyl - Penta-acetyl 

.methylfriictoside fructose 

j (Ko steric liindrance). 
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b}?' Purdie and Paul by condensing crystalline tetrametliyl fructose 
wiili inetlayi alcohol by Fischer's method and the specific rotation 
displayed by the two preparations show little divergence^ 

Solvent : methyl alcohol ; c = l*220; [a] 120*1. 

Mydroli/sis of Tetmmethyl ethyl f rue f aside. 

A 3 per cent, solution of the methylated friictoside in 1*5 per 
,ceiit. aqueous hydrochloric acid was hydrolysed by heating at 90^ 
for thirty minutes. The solution was neutralised by means of 
barium carbonate, filtered, evaporated to dryness under diminished 
pressure, and the residue extracted with boiling ether. After dry- 
ing and removal of the solvent, the syrup obtained in this way 
solidified ^ completely tO' a mass of square plates. After two crystal- 
lisations from light petroleum the sugar melted at 92 — 95®, and 
showed downward mutarotation in the Isevo sense, the permanent 
value being [ajj^ —85*6. The corresponding constants quoted by 
Purdie and Paul are m,. p. 98 — 99® and —86*7. It is tO' be 
observed, however, that this maximum malting point refers, to the 
pure stereoisomeride, and is thus attained only after repeated 
crystallisation. An average specimen of tetramethyl fructose, melts 
in the neighbourhood of 95®, and the specimen now described 
showed no alteration in melting point when mixed with material 
prepared by Purdie and Paul. The composition of the sugar was 
confirmed by analysis. (Found, 0M6= 50*65. C6H802(0Me)4 

requires OMe=: 52*54 per cent.) 

Action of Acetic Anhydride and Zinc Chloride on Fructose. 

Fifty grams (1 nioL) of pure ■crystalline fructose were added 
gradually to ,a ■ solution of 4.* 5 grams -of mnc chloride in 250 c.c. 
(10 mols.) of acetic anhydride- and the mixture was stirred at 0® 
until the- fructose had dissolved.- The acetylated, sugar was ex- 
tracted with chloroform as described by Hudson, whereby 45 grams 
. of ■ .crystalline' material were obtained. Eecrystallisation from 
98 per cent, alcohol yielded 31*8 grams of pure tetra-acetyl fruc- 
tose. .This- compound melted at 129—130®, showed. [aj^^ in chloro’- 
form -“•92*30, and .did not .affect 'potassium permanganate solution 
even -on. -prolonged action. ■, Attempts to'- detect . mutarotation ■ in 
■ "chlorofo-rm- or',' aqueo-us solutions'-, of the compo^'und- gave ■ negative 
_ results., even when, chloroform' -or water, -'were substituted for .alcohol 
- a^s,-. the recrystallising, media.. ■ The tetra-acetyl fructose .obtained, in, 
thiS' ' way -.showed , a; , constant' ■'specific' rotation in ■ all .appropriate 
..solvents'."' ', 

-' 'Examination of Triacetyl Fruct'me.—AfbeT' All 
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lisa, He tetra-acetyl fructose fropi''. the product of the preparation just 
described;, a large proportion (47 grams) of syrup remained* In 
order toi remove acetic anhydride, this material was boiled ^ for 
twelve hours under reflux with a large excess of pure dry methyl 
alcohol. . The solution was then neutralised with b-aiium carbonate, 
and, after filtration, ^ concentrated in a vacuum. Extraction with 
cliloroforiii gave a pale yellow .syrup, having in chlorofo-rm 
-"20*42. Analysis of the syrup, dried in a vacuum, gave an acetyl 
content of 40 '41 per cent., which agrees approximately with the 
calculated value for a fructose triacetate (42*16 per cent.). 
Attempts to effect further acetylation of the triacetate by repeating 
the action of acetic anhydride and zinc chloride in the cold failed 
entirely. The same proportion of the acetylating reagent was used 
as in the preparation of tetra-acetyl fructose, and the mixture was 
stirred at 0^ until a homogeneous system was obtained. Examina- 
tion of the. product showed it to- he unaltered in composition or 
specific rotation. Further evidence ■ that the syrup was a homo- 
geneous compound was a-fforded by the fact that fractional extrac- 
tion with ' solvents failed to separate the material into components 
showing any differences in rotatory power. 

The exact constitution of the compound has not been determined, 
and it is even impossible to characterise it with certainty as a 
genuine derivative of fructose. The removal of the acetyl groups 
required prolonged agitation in the cold with A /10-barium* hydr- 
oxide, the unsufostituted sugar thus obtained being a Isevorotatory 
syrup* This, although readily convertible into phenylglucosazone 
melting' at 203: — 204% could not be identified as fructose, and, con- 
sidering the conditions required for the hydrolysis of the triacet- 
ate, was doubtless an equilibrium mixture of glucose, fructose, and 
mannose. , 

M ethylation of Triacetyl Fructose, 

The syrup dissolved readily in methyl iodide and was methylated 
in the usual manner with the following proportions of the reagents : 
triacetyl fructose (1 moL), silver oxide (5 mols.), and methyl iodide 
(10 mols,). After .& second alkylation the product, isolated in the 
usual ma-nner, ' was a colourless syrup, which reduced Fehling's solu- 
- tion- and was therefore not ' a derivative of methylfructoside. As 
the .most 'trustworthy,. indication of composition is given by the 
' methoxyl and , acetyl contents, these values were determined. 

' Found, ,0-Me= 10*6 ; , OAc= 42*86. ■ 

: -CgH802(0M6)(0Ac)3 requires OMe=:9'7; OAc=: 42*16 per cent. 


, Solvent. c* ' Specific rotation. 

CMoroform, ■ ■ 2*504 ' —21*96- 

'Ethyl alcohol 2 * 230 ' ■'"-21-07'"'"' 
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The methylated derivative has tlmis the composition of a mono- 
liietliyl triacetyl fructose. 

The author desires tO' express her indebtedness tO' the Carnegie 
Trust for a research scholarship, during the tenure of which the 
above researcli was conducted, and also to Dr. C. S„ Hudson, ^of the 
Ij.S. Department of Agriculture, for specimens of various fructose 
derivatives wliicli facilitated the work. 

Chemical Keseauch Laboeatoby, 

United College of, St. Salvator, and St. Leonard, 

Universiy op St. Andrews. 

[Uecewedy Mamh 1918.] 


XXXI . — Contributions to the Theory of Solutions. 
Solubility Studies in Ternary Mixtures of Liquids. 

By John Holmes. 

An explanation of the property of relative solubility in ’ binary 
mixtures of liquids has been put forward in previous papers, based 
on the ascertained difference in magnitude of the molecular volumes 
of the constituents of the mixture. It was deduced mathematic* 
■ally that so long as the ratio of the radii of the respective mole- 
cules — assuming them to be capable of representation by a spherical 
surface- — did not exceed the proportion 1*618:1, the liquids would 
be miscible in all proportions, and, when the ratio became greater 
than this value, the mixture would separate into two layers, in 
each of which the selective distribution of molecules depends on 
the further increase of this factor until it reaches 2*414:1, when 
the liquids are‘*'now completely immiscible. In practice, the relative 
solubilities of commonly • known liquids were, found to be in close 
agreement with' these theoretical ■deductions,, and it seemed' .reason*; 
; able "to expect that, the extension'' and application of , the eame' 
'■principleyto three-component systems', would afford an, explanatio.'ii. 
of the' somewhat' similar ' solubility -phenomena', therein obse^rved, ■ 

' 'Provided ',: that -no chemical' interaction 'O'Cc'urs betwee'n'' the-', con-" 
stituenfe,,of a ternary mixture', of liquids' and that 'no individual 
'liquid' influences,' by ' itS' simple' 'physical presence' ,the ' other - con- 
''stituents,'"',,' any, three '.liquids, 'the,' 'm-olecular ' spheres of ,',,whi'chyhaYe 
equal ' radii'',' should' ,' be^'miS'Cihle-'.^in '.'all prop,ortions,.': 'When "■ thC',' 

" 'Sphered' Vat© ', ,of ;,,''di,fferent';''Siz: 0 s,'- a ratios . .of v:,the,';::'S:6vw^ 
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,iiit.‘rease^ the clinieiisions of the. 'interspaces decrease i.ii magnit-nde 
until,, as in the case of binary mixtures, ' a point is reached at 
ivhich close packing is a maximum. In an equimolecular mix- 
ture, which lends itself more readily to mathematical demonstra- 
tion, this occurs when the radii are as 1*682:1*466:1 (see Figure). 
It is suggested that when these conditions are fulfilled, the liquids 
are on ^%he border line between complete and partial miscibility, 
and that, so long as the ratios between the several radii are not 

greater than these values, the 
liquids will be mutually miscible 
in all proportions. When, how- 
ever, the respective ratios are 
greater in magnitude, a complex 
is formed which will not allow of 
the same close-packing, but results 
in the formation of layers of 
liquid the relative proportions of 
which depend on the difierence 
in these ratios. 

A further consequence of this 
method of reasaniiig follows from 
the known ratio of ' radii required 
for the critical point of solution 
in binary mixtures.' So long as 
the value of the radial ratio of 
the two smaller molecules is not 
Relative ra'dii, 1: 1*466 : 1*682.' greater than 1*618, and the 

corresponding radius of the larger 
molecule .is greater than 1*682 and does not exceed (1*618)^, the 
mixture should separate into two layers only, but if, on the other 
hand, the respective ratios are- greater than these values, and tlie 
gre-ater ratio exceeds the less hy more than 1*618 -times its value, 
then the liquids should fall out into, three distinct ' and : stable 
layers. . 

"'-The object -of this com.munication is to preS'Cnt .the results of a 
preliminary examination dnto , the behaviour of ternary mixtures 
of liquids from the point of view of the-S'O theoretic,al considerations 
and'Of the hypothesis on whieh^ this simple law of- mixtures is' based. 

Exp EBl MENTAL. 

In o-rder to determine the’ critical ' point of solution in ''three- 
component "systems, binary- mixtures- of liquids were first 'prepared 
-in '-equim-oleeular, proportions, .and- the third .liquid.'.then-' 'added "■ -in’ 
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quantity sufficient to produce a permanent cloudiness after vigorous 
taking. The point of complete miscibility is capable of deter- 
mination with a high degree of accuracy, since an excess 
of one drop in a total volume o-f 25 c.c. invariably causes 
separation into layers. The several mixtures were made in cali- 
brated stoppered burettes suspended in a water-bath, the tempera- 
ture of which was kept constant at 15®. Most of the liquids ex- 
perirneiited wnth had been obtained from Kahlbaum, and the 
usual methods were resorted to for determining their purity. 

Mixtures of the lower primary alcohols with water were pre- 
pared in equimolecuiar proportions referred to the gaseous state. 
The densities of these^ mixtures at 15*5®/ 15'5® were found to be 
CH 4 O aq. (1/1) 0-8898, C^HeO aq. (1/1) 0*8676, and CsHgO aq. 
(1/1) 0‘8601. The radii of the molecular spheres of methyl 
alcohol, ethyl alcohol, and w-propyl alcohol — represented by the 
cube roots of the quotients of molecular weight by density — are 
1*3, 1-5, and 1*6 respectively when compared with that of water 
at 15®. 

As was to be expected, formic acid, acetic acid, acetone, pyr- 
idine, and liquids generally which are miscible in all proportions 
with water, are similarly miscible with each of the above aqueous- 
alcoholic mixtures. This applies also to «sobutyl alcohol, ethyl 
acetate, aniline, ethyl ether, and the amyl alcohols, the several 
radii of which are in slight excess of the theoretical value ( 1 * 68 ). 

The ’following are some of the more important quantitative 
results obtained. • 


Mixtures mith Aniline. 

Proportion by volume of the constituents 
of the mixture. 

10 c.c. CH 4 O aq. ( 1 / 1 ), 16*1 c.c. B -2 c.c. H..0 

10 c.c. CJisO aq. (1/1), 12*3 c.c. 5*2 c.c. H.O 

10 e.c. C^HgO aq. (1/1), 10*0 c.e. 5-7 c.c. ' 

Critical molecular 
mixture. 

CeH^NrCH^O r S'OHaO 
CeH,H : CsHeO : 3*1 H 2 O 
CgH^N : CgHsO : 3*9 HgO 

The effect of the addition of small quantities of water to these 
critical mixtures, on' the ' relative proportions of the layers /of '.liquid' 
formed,, is, very ,marked. ., 'For instance, 20' c.c.. of ■ the .critical mix- 
ture with CH 4 O aq.' ( 1 / 1 ),. to' which' .were added . 1 * 8 . c.c. of' water, 
gave after vigorous shaking an upper layer of 6'5 c.c., and a lower 
''iay'er, ' coloured';,with,:'a'mline,/of''15'‘'.3,,.c.C'.'' ;;...Sim'il'a'rly,'''''20;'''c.*c.,'^ 
critical mixture with C^HgO aq, ( 1 / 1 ),' together with an excess of 

m2 
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1*0 c.c. ■ of water, gave an upper layer of 4*4 c.c., and wifcli 1*9 c.c. 
of water an. upper layer of 7*1 c.c., botli lower layers being coloured 
witli aniline. Tiie addition of 2*0 c.c. of water to> 20 c.c. of tbe 
critical mixture with CgHgO aq. ( 1 / 1 ) resulted in an upper layer 
of 15*5 C.C., which retained the aniline colour, whilst the lower 
layer was practically colourless; this is the reverse of , what happens 
in the corresponding CH 4 O aq. (1/1) mixture. Eesults very similar 
to these in character were obtained in other ternary mixtures. 

Mixtures n-Annyl Alcohol, 

Proportion by volume of the constituents 
of the mixture. 

10 o,c. CH 4 O aq. (I/l), 19-25 c.c. C 5 H 12 O, 3-55 0 . 0 . 

10 c.c. aHeO aq. (1/1), 14-66 c.c. C 5 H 3 . 2 O, 3-96 c.c. HgO. 

10 c.c. C^HgO aq. (1/1), 12-0 c.c. C 5 H 12 O, 3*7 c.c. 

Critical molecular 
mixture. 

CsHijOiGHiO ; 2 - 1 H 20 . 

: 2-6H,0. 

CsHjaO : CgHsO ; 2'9H20. 

The critical molecular mixture of- the system ethyl ether with 
C'^HeO aq. ( 1 / 1 ) was found to be C 4 Hi(jO rCoHgO : 2 * 6 H 20 , a , con- 
centration practically the same as that obtained in the correspond- 
ing ^-amyr alcohol mixture. ■ ' 

Mixtures of the foregoing liquids in equimolecular proportions 
afford no evidence therefore of separation into layers at 

The complexities of ethyl ether: and vi-amyl alcohol, as well as 
' those of the other liquids experimented with above, have been 
found to be similar to that,, of water (T., 1913,, 103, 2147); or, if 
' (Ii 20 )n be taken as representing the molecule of water in the liquid 
state, the value of n is the same when applied to the usual formula' 
of the other, , liquids— (CsHioO)^,^ (C^^^ (CH^O),,^, ,etc. As' 

.will be noticed, in the table of liquid- com,plexities given' in the 
communication mentioned above, ethyl ether, and w-amyl „ alcohol 
have molecular , volumes , greater in magnitude than those - of the 
other liquids in, question, and' correspondingly greater radii 
(l ,-8 approx.) as compared with-that, of 'water. This value is some- 
what greater than the theoretical (l* 68 )'required for complete soiu- 
tion.' ' This behaviour is , analogous, .however, to that observed in-,- 
: binary 'mixtures of liquids in 'which the. critical point of solution 
varies - within, so-me’what similar- limits, .according to .the , nature' of 
' the coiistitue-nts of the mixture'. -and ■ the magnitude of the . volume 
■ change : -which occurs .on '..mixing. ' That such 'deviation from 
. theoretical 'requirements^^.should’ be, obtained, was ^Theref ore to be' 
expected, , since most,, of these.'-mixtures: afford, volume- changes which 
' vary. „in 'degree, in different mi xtures, and must inevitably resultin'-' 
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some disturb a. lice in tine initial relationship of tho several molecular 
spheres. 

The admixture of the same aqueous-alcoholic mixtures with 
liquids having molecular radii greater than 1*8, such as methyl 
ioclidej chloroforin, benzenej xylene, carbon disulphide, etc., was 
found to result in the formation of two layers of liquid. • The 
quantitative data obtained in some of these mixtures are as 
follows : 

Mixtures with Methyl Iodide, 

Proportion by volume of the constituents Critical molecular 
of the mixture. mixture. 

20 c.c. CH^O aq. (1/1) : 1*55 c.c. CH 3 I, - HoO : CH^O : 0-03 (CH 3 I).,, 

20c.c. OsHsOaq.dl/l): 6*8 c.c. CH 3 I, H^O : G 3 H 3 O : 0-20 (CHsI)h 

20 c.c. CgHsO aq. (1/i) : 15*3 c.c. CH 3 I, mO ; GsHsO i 0-56 (CHsIls. 

Mixtures with Benzene, 

20 o,c. OH 4 O aq„(I/l): 1-25 c.c. CeH^, H 2 O : CH 4 O : 0-02 

20 c.c. CoHqO aq. (l/I) : 7*6 c.c. CeHe, H 2 O : CsHgO ; 0*16 (CgHs)^. 

2 O 0 .C. CgHsO aq. (1/1) : 15*6 c.c. CeHs, H^O : CgHgO : 0*40 (CsHs).. 

Mixtures with Carbon Disulphide, 

20 c.c. CaHsO aq. (1/1) t 2-0 c.c..CSo, ' H.O ': C.HgO ; 0-.03 (,CS.) 4 . 

20 c.c. CaHgO aq. (1/1) : 7-9 c.c. CS;, ' ■■ H;0 : C;HgO : 0*15 (CSs)^. ,, 

Accordiiig to the method adopted in previous communications 
for determining liquid complexities, methyl iodide and benzene are 
doubly complexed as compared with water, and have molecular 
volumes at 15^ of 6*90 and 9*84, with corresponding radial ratios 
of 1*90 and 2*14 respectively-. ' Tn the same way, carbon disulphide 
was found ‘to have four times the complexity of water' with a mole- 
cular volume of 13*31, and a radial ratio of 2*37. The values given 
above for critical molecular mixtures are referred therefore to the 
liquid state. The relative proportions of these liquid molecules 
in „the critical , mixtures decrease in the same alcoholic mixture as 
their molecular volumes increase, whilst the solubility of etach liquid 
increases with the molecular volume , of the ■ aliphatic ' alcohol 
present. . 

' The ' critical mixtures of’ the same liquids' with water and'Mobutyl 
alcohol' (mol. vol. h‘l and radial ratio 1*7) are as'dollows' : , ■ 

Proportion by volume of the constituents 
of the mixture. 

'. 20 C.C. GSg, ;■ '7-’66 c.c. C 4 HioO : 0-4 c.c, HaO.' , 

20 c.c. GgHs : 10-35 c.c. O 4 K 10 O : 0*6 c.c. H.O. 

20 'c.o.;CHsl' :■ 14-8", .c-c. C 4 HioO-!'l-l c.c. 'H 3 O 

Critical moleouiar.' 
mixture. .■ 

( 083)4 : O 4 H 10 O : 0*26 H 3 O. 

(CgHe), : ! 0*29 H^O. 

(CH,I)a 1 C^HjoO : 0-38 H 3 O. 
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When the liquids in any of ■ these mixtures are present in equi~ 
moleeular proportions ^ two layers only are formed, and their 
beha.vioiir as regards solubility is in general agreement with 
tlieo'retical requirements. 

Of the critical mixtures containing less than equimolecular pro- 
portions, those with methyl iodide approximate most closely to the 
theoretical, just as those containing -u-amyl alcohol were found to 
give a corresponding approximation when more than equimolecular 
proportions are present. The molecular radii of these two liquids, 
compared with water at 15^, are 1*90 and 1*82 respectively. Hence 
the radius of the greater molecule in an equimolecular ternary 
mixture, which is on the border-line between complete^ and partial 
miscibility, and of which water and a lower aliphatic alcohol are 
the other constituents, exceeds that of the smaller molecule by a 
value intermediate between 1*90 and 1*82, as compared with 1*68 
required by theory. 

Tbrnauy Mixtures giving Three Liquid Lavers.' ' ' 1 

Little information is to be found in the wide literature relating 
to the subject of solubility and solutions generally regarding the 
formation of three stable liquid layers. In commercial analysis, 
such mixtures are sometimes observed, as, for instance, when castor 
oil, petroleum, and water or dilute alcohol are shaken together, the 
castor oil forming an intermediate layer between the aqueous and 
petroleum layers, in contradistinction to the behaviour of olive 
oil, which dissolves in the petroleum, so that two layers of liquid 
only are obtained. Marsh noticed that three layers were formed in 
the four-component system ethyl ether-water-potassium iodide- 
mercuric chloride (T., 1910,-97, ■229.7), and the equilibrium exist- 
■ ing; iU' these mixtures has more recently been investigated, by 
, Diiuniiigham ,, (T., 1914, ■ 105, 3-68). It .is evident that .such 
.. . behaviour of liquids must be classed among . the ■ simple, facts of 
solution, and will require adequate explanation by any satisfactory 
.'theory of solution. The apparent scarcity of examples of' these 
phenomena is due probably to the fact that, no explanation of them 
.is f orthcoming, from the commonly accepted theories, .and that there 
.. ' is .little . inducement therefore for further investigation in. this 
'■direction. 

.■Accord.ing to the principles given above for, a' simple la.w of 
■' 'mixtures,, the conditions requisite- for the formation' of three layers', 
..-in' ternary mixtures of liquids, must be sought from, a consideration' 
.of, the .relative-, molecular; .volumes of, the., liquids present...'" If. '.the, 
close-packing ', of ' molecular "spheres in a binary' mixture, -iH'".-; which" 
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tlie ratio of radii is greater tlian 1‘618, results in separation into 
two layers, it follows that th© addition of a third liquid the mole™ 
cular radius of which is again proportionately greater in magni- 
tude by (1’ 61 8)2 should result in th© formation of three distinct 
and stable layers. Stated generally, the required ratios for three- 
layer formation are (1‘618-f ^) 2 : (l*618-f a?) : 1, where a? and y 

are positive. 

Th© difficulty immediately arises as to where a liquid is to be 
found with a radius greater than that of water by at least (1 '618)2 
or 2*62, since this is the lowest value possible for a three-layer 
system of which water is one of the constituents. No liquid with 
so great a molecular volume is given in the table of liquid com- 
ple'xities referred to above. It has been found, however, that 
members of homologous series, which have hitherto been examined, 
are similarly aggregated, as, for instance, the aliphatic alcohols and 
acids and the alkyl iodides, and it is reasonable to assume that 
members of other series are similar in this respect. From a con- 
sideration of the data at present at our disposal, it should be 
possible to obtain a liquid of suitable molecular volume in th© 
series of paraffin hydrocarbons. There are good grounds for 
believing that these liquids are doubly aggregated as compared 
with water (loc. cit,), and that their molecular radii increase from 
n.-hexan© (2*4), n-heptan© ( 2 * 5 ), etc., as the series is ascended. In 
these days, the procuring of on© of these higher homologues in 
quantity and sufficiently pur© for our purpose is practically 
impossible. As a compromise, a . sample of American petroleum 
was purified from unsaturated and aromatic compounds and frac- 
tionated repeatedly, so .as to remove th© fractions of lower boiling 
point. The fraction boiling between 200 ° and 230° was eventually 
taken for these experiments. Th© boiling points of the, homologues 
C 11 H 24 , CjgHgs, and C\ 3 H 28 are given as 195°, 215°, and' 236°, and 
their calculated radii (assuming double aggregation) are 2*85, 2:92, 
and 2 '99 respectively when compared witli water at 16°,', It was 
hoped that the fraction employed would-be free from paraffins boil-, 
,lng .below 150° (C 0 H 2 o,' radius 2* '7), and, the .presence of homoIogueB.' 
of: boiling point higher, than 230 ° is rather advantageous' than 
■otherwise ' to' our immediate-, purpose. In these circumstances, , the 
'.'hydrocarbons present have - radii .much -.greater than that required 
for insolubility in, water (2*414), .and their, relative solubilities, even 
in, methyl, alcohol and in 'ethyl alcohol, are, so small that three. -well- 
defined- and"' stable layers are ' readily . obtained' in the' quaternary 
systems, ' 'potass.ram ,.ca'rbonate--water-methyl ■ alcohol -' ' ur,,' ethyl: 
a'Iccfficd"-petroleum.b . 

- Among the liquids that have been found to be near the border- 
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line of complete miscibility with water are aniline^ phenol^ and 
nicotine, of which the ascertained radii are approximately V7^ 1“7_, 
and 1*65 respectively, and each of which is miscible in all propor- 
tions within certain' limits of temperature. Mixtures of these 
liquids with the sample of petroleum were made in the ■ proportions 
of 90, 50, and 10 per cent, by volume, and exactly one-half of the 
volume of water was added to each. The several liquids were 
measured into narrow glass tubes which could be hermetically 
sealed, the total volume of the mixture being from 9 to 10 c.c. in 
each case. By suspending these tubes in water, the behaviour of 
the mixtures coiild be observed up to a temperature of 100*^. 


1 . 


Fetroleum-A niline-W ater Mixtures . 


Initial proportions by volume 
of constituents at 15'^ 


f 


Petroleum 

A Water 

[ Aniline 


33*3 

33-3 

33%3 


Oil ' vigorously shaking this mixture at 5*^, three layers of liquid 
are obtained, the middle aqueous layer being of slightly less volume 
than the upper' and lower layers. Between 95® and 100®, the 
aniline displaces the aqueous layer and rises to the middle position, 
which it retains, after further mixing, the three layers being still 
practically equal in volume. Gradual cooling causes all three 
layers to become cloudy, proving that mutual miscibility occurs to 
some extent. At low temperatures, the aniline falls again to the 
bottom,, and the original .condition of equilibrium is resumed. 

a , T -x.- 1 i.*^ \ 1 ( Petroleum ' 6*7 

2. Imtial proportions by volume .1 _ .■ 

of constituents at 15® '1 ^ " 

[ Aniline....... 60*0 

.'The' proportions, of the three layers -obtained after vigorous mix- 
ing at 5® are practically the same as’ the initial volumes.' Between 
95® and '100®, the aniline layer again displaces the hitherto, middle 
aqueous layer, and ' on ' mixing- at this temperature, dissolves entirely 
in ' the petroleum, thus'' forming 'two final layers of liquid. On 
cooling' gradually, the upper- petroleum-aniline layer becomes 
,' cloudy at' 7'6®, and separates' rapidly into two layers, the aniline, 
approaching in volume to its’ imtial proportion and taking' up the 
middle ' position ' betw-een 'the- 'petroleum and aqueous ' layers. ■, 'On 
■iurther cooling, the aniline eventually falls to the bottom into , its 
■original : position. 

3. ', ' Initiarproportions' .by 

' ' ' ' of co,nstitue:ntS' - at ' 


volume 
15® ■ 


Petroleum 
'■Water' 
Aniline , . . . 


60'-0 

33 * 3 .' 

"'"6*7"' 
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At ti.© respective layers laave the relative proportions 
r Petroleum layer 62 

J Water layer 33 . At 95^j the aniliii© rises to the middle 
(Aniline layer 5 

position and dissolves in the petroleum, forming two layers of 
liquid. On cooling, the upper layer becomes cloudy again at 55®, 
and the subsequent behaviour of the mixture on further cooling is 
similar to that of the preceding mixtures. 


PeAroleum-Phenol-W ater Mixtures. 


1. Initial proportions by volume 
of constituents at 45® 


f 


Petroleum 33 ‘3 

J Water 33-3 

[ Phenol 33*3 

On vigorously shaking this" mixture at 5®, three layers of liquid 
are obtained having the approximate proportions ■ 


j' Petroleum layer 3 c 

- Water layer 

(Phenol layer 


22 

43 


At 90®, the water and phenol are mutually miscible and form with 
the petroleum a twc^-layer system. On cooling, the lower ' aqueous 
layer becomes cloudy at 71®,- and, at immediately lower tempera- 
tures, concentrated phenol separates and falls to the bottom, form- 
ing three layers again. 


2. Initial proportions by volume 
of constituents at 45*^ 


( Petroleum . . . 

... 6*7 

' Water 

... 33-3 

i Phenol 

... 60'0 


After mixing at 


0®, the relative proportions of the three layers 
r Petroleum layer 7 

are approximately J Water layer ' -13. Vigorous shaldng at 90® 
(phenol layer 80 

results in ■ the formation of two layers of liquid. On cooling, the, 
lower aqueous-phenol layer, becomes. . cloudy .at 49®, when concen- 
trated phenol comm-ences to fall to,. the .'bottom, and three layers, 
are again,,, obtained.' 

-Initial proportions by,’, volume j" 

,- ,' of 'Constituents , at 45® ■ 


I 


Water s ............. ',:33--3 

.Phenol ' 6*'7,' 


At '6®,' -the relative, 'proportions of 'the three layers' obtained- after-; 

) Petroleum, layer- ' '6:2'. ; 

Water layer;,,: . ...Above 63®, ,two,'l,ayers,-'Only-,-'ar#'''- 

'Phenol.layer ■■■'.- T'-:.'.'' 
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formed^ but below tMs temperature phenol separates, and three 
stable layers are again obtained. 


Fefyroletim--Ni€oiine—W(iteT Mixtures. 


1. Initial proportions by volume 
of constituents at 15^^ 


( Petroleum 33*3 

J Water 33*3 

V Nicotine 33*3 


After vigorous shaking at 5®, this mixture of liquids separates 
into two layers having the relative proportions 

j Petroleum layer 36 

( Aqueous-nicotine layer ... 64 

When the mixture is heated to 62^, the lower aqueous layer becomes 
cloudy and separates rapidly into two layers, a lower layer coloured 
with nicotine and an intermediate, and practically colourless 
aqueous layer which increases in volume as the temperature rises 

{ Petroleum layer 41 

Water layer 26 

Nicotine layer 33 

On mixing at the latter temperature, two layers are again formed, 

due ;to the nicotine dissolving in the petroleum. The observed 

T ( Petroleum-nicotine layer 

proportions of the layers were nowd . , oo 

^ ^ t Aqueous layer 33 

Both layers remain clear at temperatures above but at immedi- 
ately lower temperatures . the nicotine begins to separate from the 
petroleuin and falls to the bottom of the tube, leaving, at first a 
colourless intermediate aqueous layer, which, however, on further 
cooling, mixes with the nicotine, and the liquids resume their, 
original equilibrium of two layers. 


2. , Initial .proportions by. volume 
of constituents at 15° 


At 5^, this mixture of liquids forms two layers in the relative 

proportions I layer ■ ■ q?. On raising the tempera- 

{ Aqueous-nxcotine layer ° 

ture to 67*^, a .cloudiness appears' in the aqueous layer, and three 
■layers are formed which at 90*^ have the relative proportions 

{ 'Petroleum Jayer 8,' 

Aqueous layer ' , , 9 . At’ 100'^, the lower nicotine layer rises to 
Nicotine layer' ' '83 


Petroleum ... 

... 6*7 

Water 

... 33-3 

Nicotine ...... 

... 60-0 
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the middle position and dissolves in the petroleunij, so that on mix- 
ing at this temperature two layers again are formed in tlie pro- 
portions 

J Petroleum— nicotine layer ... 75 

(Aqueous layer . . . . , 25 

On cooling, the nicotine commences to separate from the petroleum 
and fall to the bottom of the tube at 68^, and its general behaviour 
at lower temperatures is similar to that in the preceding mixture. 
Very gradual cooling of this mixture results in the formation of 
four layers at some temperatures. These consist' of a small and 
colourless petroleum layer, then a large layer of petroleuin and 
nicotine, and below these in order a colourless, aqueous layer and 
at the bottom a concentrated nicotine layer. These layers, how- 
ever, were clearly metastable, and on mixing gave two stable layers 
only. 


3. 


Initial proportions by volume 
of constituents at 15^ 


r Petroleum 
i Water .... 
( Nicotine . 


60-0 

33*3 

6*7 


At 5*^, the proportions of the two layers formed were 

(Petroleum layer 60 

(Aqueous-nicotine layer ... 40 

Somewhat similar results were obtained with this mixture; the 
lower aqueous layer becomes cloudy at 76®, and follows the same 
procedure as in the preceding mixtures. 


It will be noticed that at some concentrations the foregoing 
mixtures of liquids form two layers only, which, within a limited 
range of temperature, yield three-layer systems, proving how close 
is the , relationship of the molecular volumes of the several liquids 
to that required by theory for partial miscibility. 

These results prove that our theoretical deductions have some 
foundation in fact, and that with further knowledge of molecular 
weights ' in hhe liquid state it may be possible to predict a three- 
layer system in ternary mixtures '.as readily' as a two-layer' system 
in the case ' of binary mixtures of liquids. 

'■ The' following results . were obtained in the three-component 
system' petroleum-nitrobenzene-water': ' 



Initial proportions ' by volume 
of .constituents at'l''5®-'''’. 


{ 


Petroleum ....... 33 *3' 

^ Water ■, :':...33’3, 


.Nitrobenzene ^ 33*3 
M *..2 
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Oil 'vigoroiiaiy shaking these liquids at 5*^, three layers separate 

{ Petroleum layer 25 

Water layer 32 « Both 

Kitrobenzeiie layer 43 

top' and bottom layers are tinged yellow, proving that petroleum 
and nitrobenzene are mutually miscible to some extent. On heat* 
ing to 90^’ and again mixing, the nitrobenzene dissolves in the 
petroleum and two layers are formed, the lower of which is, prac- 
tically colourless. On cooling, the nitrobenzene commences to 
.separate from the petroleum at 18^, and at first takes' up the 
middle position, but finally falls to the bottom at about 15*^, when 
the mixture assumes its original condition of equilibrium. 

2., When these liquids are mixed , in the relative proportions 
rPetroleiun , 6 ''7 , TPetroleum ■ 60*0 ' 

J Water 33*3 and -! Water ' - " 33*3 and are vigorously 

^Nitrobenzene 60*0 INitrobenzene 6*7 

shaken, two' layers only are formed, and in each case^ the upper 
layer, consisting of petroleum and'; nitrobenzene, has twice the 
volume of the lower aqueous layer. ' Ho apparent change ' occurs 
on heating to 100®. 

We have no knowledge at present regarding the m,olecular volume 
of nitrobenzene in the liquid state, but, according to thO' law of 
mixtures now put forward, the results obtained above are con- 
sistent with the view that it is similarly aggregated, to aniline and 
the primary' alcohols. Its molecular volume as compared with that 
of w,ater at 15® is' therefox'e slightly less than that of w-aniyl 
alcohol, namely, 5 ’65, with a radius of 1*78. These values agree 
fairly well with its relative solubility, for whereas aniline with a 
molecular radius of 1*71 is miscible with -water in a,ll proportions 
above ,167®, the corresponding critical temperature of aqueous- 
. nitrobenzene iB.ixtures, is 235® (Campetti and I)elgrosso> J/e'w, M. 

^ xicmd, TorifiOf 1911, [ii], 61, 187). 'On the other hand, 
■although both liquids are, only partly iniscible with the petroleum 
f'raction at 16®, nitrobenzene is relatively more soluble than aniline 
' and is miscible in all proportions at a. m.uoh 'lower temper<atur6, ' 


Fetroleum^Witrohemene-^Gl^cerol MiiXiture, 

The complexity of the glycerol .-naolecule, has been ascertained' to 
be on, 6 -f' 0 urth of that of water, and,' its ' molecular volume in the 
liquid, state is only , slightly greater. in magnitude (loc. crL ).: ' 'The 
'difference,^ however,' , is ' sufficiently '.great to result in ' glycerol ' and 
:,a:^ine' being miscible in', all proportions at ordinary temperature. 
''Nitrob 6 men 0 ,,,',with' a,' greater'' xa'olecular' .volume than,'' "aniline, is 
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only partly miscible witli glycerol, so that a tbree-Iayer system is 
readily obtained with equal volumes of petroleum, nitrobenzene, 
and glycerol. At 5^, tbe approximate proportions of tbe layers 

( Petroleum 23 

Nitrobenzene layer 42, tbe nitrobenzene taking tli© inter™ 
Glycerol layer 35 

mediate position between the petroleum and glycerol. At tempera- 
tures above 17*^, two layers only are formed, due to the nitrobenzene 
dissolving in the petroleum. 

As already stated,, these investigations were of a preliminary 
nature'', their object being to provide data for subsequent deter- 
minations of the equilibrium existing in three-layer systems of 
liquids,. The work here described was brought to a close' in 1915, 
and as an early return to it does not seem probable, it was thought 
desirable to place on record such results as had been obtained. 

! 

In co,ncliision, I desire to express: my indebtedness to Sir J. J. 
Dobbie, M.A., LL.D., F.E-.S., for facilities afforded me in carrying 
on these investigations. 

The Govebnmext Laboeatoby. 



ANNUAL GENERAL MEETING, 

Thuesday, Maech 21st, 1918, at 4.30 p.m. 

Profe&sor W. J. Pope, C.B.E., F.B.S’., President, in the:Ckair. 

The Peesident aiiiioimced that Professor Gilbert Thomas Morgan 
had been nominated by a number of Fellows as a Vice-President, in 
the place of Lt.-Col. Arthur Smithelis. 

Dr. A. J. Ewins and Professor A. G. Green were elected Scruta- 
tors, and the ballot was opened for the election of Officers and 
.Council. 

On the motion of Professor H. E. Armstrong, the meeting 
agreed that the Report of Council, 1917-1918, should be taken as 
read. The adoption of the Report of Council, together with the 
Balance Sheet and Statement of Accounts for the year ending 
December 31st, 1917, was. proposed by Sir Herbert Jackson,, 
seconded by Dr. A. E. H. Tutton, and carried. 

Report op Council, 1917 — 1918. 

The Council are gratified to report a substantial increase in the 
number of Fellows' during the past year. On December 31st, 1916, 
the number of Fellows was 3,198. During 1917, 162 Fellows were 
elected and 10 reinstated, making a gross total of 3,370. The Society 
has lost 39 FeUows by death, 14 have resigned, the elections of two 
have been declared void, and 45 have been removed under the 
'action of' Bye-law IV for non-payment of annual subscriptions. 
The net', total number of Fellows, therefore, as at December 31st, 
';1917, 'was 3,270,. showing an increase of 72. During 1916. there 
was a decrease in memhership of 5. .' 

' It,, is" with profound : regret, ..they ' report that the foUowing 
have ■ , either ., been ' killed or have - died , of woundS' .', received ' 'in,' 
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Arthur Joseph Brearley (1913). John Maxwell Heron ( 1908 ). 

Bertram Haward. Buttle (1910). Maurice Kemp-Welch ( 1903 ). 

Norman Phillips Campbell (1913). Herbert Bang (1897). 

Edward William Laiichester Foxell Arthur Edwin Tate ( 1909 ). 
( 1907 ). 

and that the following Fellows 'have died : — 


Andrea Angel (1905). 

James Hector Barnes (1905). 

William Thirlwall Bayne (1879). 
Clayton Beadle (1891). 

John Forbes Bell (1907). 

Charles Bradshaw (1888). 

George Carrington Carrington (1887). 
Alexander Macomb Chance (1883). 
Taylor Cook (1907). 

George Stanley Cooper (1915). 

John Kent Crow (1880). 

William Ralph Dodd (1886). 

Oliver Statham Douse (1911). 

John Joseph Eastick (1881). 

John Kerr Forrest (1904). 

Reginald Le Neve Foster (1872). 

Resignations have been receh 


Ernest George Hill (1896). 

George Thomas Holloway (1886), 
Peter MacEwan (1886). 

Norman Harry John Miller (1885). 
Benjamin Horatio Paul (1868). 

Rufus Danieil Pullar (1882). 

John Ffraid Richardson (1911). 
Henry Charles Stewart -Carlil© (1917). 
Francis Sutton (1860). 

WilHam Henry Symons, (1874). 
Walter Arthur Voss (1889). 

Thomas IJtrick W alton ( 1 884). 

John Williams (1892). 

Charles Henry Wood (1860). 

Philip John Worsley (1858), ■ 


from : — 


Edward James Caley (1894). 
Arthur Carey (1892). 

Patrick Carmody (1889). 

Tom Peach Colclough (1912), 
Walter Bromley Cooley (1888). 
Ridsdale Ellis (1912). 

Alfred William Gerrard (1875). 


Harry Sands Grindley (1906). 

Edwin Reginald Hughes (1903). 
Norton Henry Humphrys (1883). 
Stanley Allen Warrington Okell (1908) 
Frederick Alfred Piokworth (1913). 
Alfred Oswald Ransome (1910). 
WiHiam Frothingham Roach (1908), 


The hearty congratulations of the Society are offered to 
Sir Wiiliam Crookes, Past President, elected a Fellow o,n 
December 3rd, 1857, and to Mr. John Frederick Davis, elected 
December 17th, 1857, who have now been FeEows ■ for ' over 
60 years, and also to , 'the following ■ who have , attained then 
Jubilee as Fellows. 


Elected. 

Sir William Phipson Beale, Bart. , Dec. 5, 1867. 

Professor Alexander , Crum Brown. Dec. 6, 1867, ■ 

Mr. Facundo' Joaquin Ramon CaruUa, , Dec. 6, 1867. 

Professor Georg , Bunge . . . , . . . . , . , . . ... ' Dec. 5, 1867. 

Mr. Robert Rattray Tatlo'ok ................... Dec. 5, :I867. 

Professor Herbert' McBeod " Feb,:6,: 1868. 


' ■ The' 'voteme'^ for 1917, n0ii1»ihS'^'lp28: 

.which 960 pages are oecnpied by 95 memoirs, the remaining 168 
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pages being devoted to the Obituary Notices, two lectures on special 
subjects, tlie report of the Annual General Meeting, the Presidential 
Address, and the Table of International Atomic Weights, The 
volume for the preceding year contained 103 Memoirs occupying 
1,212 pages. ’The Journal forT917 contains also 2,868 abstracts 
occup 3 dng 1,308 pages, whilst the abstracts for 1916 numbered 
3,281 and occupied 1,632 pages. The diminution in the output of 
chemical memoirs referred to in the last report, continued throughout 
the year and apparently will be still more marked in the present 
year. It has still been possible to obtain most of the continental 
Journals, for abstraction, and, considering the circumstances, with 
but Mttle delay. . 

The abstract may be classified as follows : — 


Pabt I. No. of 

Pages. Abstracts 

Organic Chemistry — 886 

Physiological Chemistry — 265 

Chemistry of . Vegetable Physiology and Agricultnre — • 246 


724 1,897 

Pabt II. 


General and Physical Chemistry — 539 

Inorganic Chemistry — 290 

MineralQg.ical Chemistry — ■ 90 

Analytical Chemistry ■ — 642 

584 1,461 

, , Total in Parts I and II 1,308' 2,858 


The Council has decided to award the LongstafE Medal for 1918: 
to Lieut.-Col. Arthur W. Cross.ley, C.M.G., F.R.S. 

. . During the past year a Joint ■ Committee, , comprising wpm- 
sentatives of the Chemical ' Society and ' the Society of Chemical 
Industry, has, thoroughly explored the possibility of the co-operation 
of . the two Societies in the preparation and publication of abstracts. 
'The Council are glad to report' that,. .aS' the result 'of the labours of 
'■th6' Gommittee, arrangements, are now in force' which will practi- 
cally eliminate the overlap hitherto^ -.existmg 'in the two sets of 
'abstracts. ''' The editors':' of the Journals' are' in touch with one, 
'another, and the periodicals coming under review for abstracting 
purposes : are allocated ' according to ■ an agreed plan. ' 

The economies effected by this scheme of collaboration should be 
;CX>nsideraMe,,, but still more important, .in the view of the 'Council, 
B',,:th 0 . 'Isi^t,::that'a;begii^^ ..been mad© .in, the :consQlidation''' 0 f 
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the interests of the two Societies concerned. The Coniicii fee! ■ 
confident that, especially froni this point of view, the new arrange- 
ments will be heartily welcomed by the Fellows of the Society. 
It is earnestly hoped that further developments along the same 
lines may be found possible, and in particular that, by the Joint 
efforts of the two Societies, the scope of the chemical abstracts 
published in this coiintr}?* may be extended, and their value corre- 
spondingly enhanced.. ' 

The two Councils have further given their provisional approval 
to a scheme whereby the abstracts of each Society would be obtain- 
able, separately and at a reasonable cost, by the members of the 
other Society. Steps have been taken to ascertain the amount 
of support likely to be given to this arrangement. 

In connection with the Annual Reports, it has been decided to 
postpone the one dealing with the progress made in Badioaotivity 
during the year 1917 and^ to publish in 1919 a combined Report 
for 1917 and 1918, The title of ■ the Branch Mineralogical' 
Chemistrjj' ” has now been- changed to ^''Crystallography ■ and 
Miiieralog}^’’ and in accordance with the aimouncement made last 
year, the Report on this Branch appearing in Volume XIV of the 
Annual Reports covers the years 1916 and 1917. 

For the reasons stated in the letter from Sir Edward Thorpe 
appearing in the Transactions for 1917 (p. 1001), it was decided 
to, reprint the Table of Atomic Weights published in 1916.' Br. 
Alexander Scott, Sir Edward Thorpe and Sir William A. Tilden 
have been appointed by the Council to form a Committee to consider 
and report on a scheme for the futoe publication of International 
Atomic ' Weights, 

The usual List of Fellows was not published in 1917 owing to 
the necessity of economy in the use of paper; but although this 
is still urgent, it has been considered - desirable not to postpone 
publication for another year, 

-■ In view of the smaller ■ number ■ of - scientific' communications 
' which are available for reading to' the,- Society,' the Co-uncii have 
'/decided that during the present /Session , the proceedings.- at , three 
', Ordinary Meetings shall be limited to purely formal 'business, and-, 
that ' .' on - each , occasion ■ an • Informal ' Meeting shaU ,, immediately 
lollow. .; 'By- arrangiag that, an -Informal Meeting' should, take- , place 
in the,, evening after the Annual General Meeting, the Council hope; 
'■ to 'afford added opportunity :, for';, personal intercourse among Fellows-. 

Three -, Lectures/ have :, been,:' arranged, for '„ the sessi0ii"::191.7-‘19i8*'- 
' The .first', of these was- given ,'on . December., 6th by , Dr . '.Frank L., P^-an., 
''.who lectured on The Relation between Ohepjip^I Constitution and 
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PEysiologica! Action,” whilst on February 21st Professor the Hon. 
R, Strutt delivered his Lecture entitled Recent Studies on. 
Active Mtrogen.” The Council are pleased to announce that 
Dr. Horace T. Brown will deliver his Lecture, The Principles of 
Diffusion ; their Analogies and Applications,” on Juno 6tli next. 
This Lecture w'as to have been delivered in March, 1917, but was 
unfortunately postponed owing to illness of the lecturer. 

FeEows will remember that one of the conditions accepted by 
the Council in receiving the gift of £1,000 to the Research Fund 
from Mrs, and Miss Miiller was that a lecture dealing with the 
relationship between Chemistry and either Botany or Mineralogy 
should be delivered once in every three years. The first of these 
Lectures, to be known as the Hugo Miiller Lectures, will be given 
on April 18th by Sic Henry Miers, who will discourse on The Old 
and the New Ifeeralogy.” 

The situation created by the orders calling up for military service 
all men between the ages of 18 and 22, with the exception of 
engineers, was referred by the Council to the General Committee 
of Chemical and Allied Societies, who passed the following Resolu- 
tion 

This Committee desires to associate itself with the Royal 
Society in their action concerning the calling up of Chemists 
holding exemption on the recommendation of the Royal 
Society, and would be glad to take any action which the 
Royal Society consider would strengthen their hands in the 
matter,” . 

This resolution was forwarded to the Royal Society. The 
Council also addressed communications to the War Office and. other 
Ck)vem.meiit' Departments pointing out that chemists were essential 
to the present and future welfare of the country, and that it would' 
be a mistaken policy to remove them from their "present occupa- 
tions. The General Committee 'also have before them the question 
of' hastening the release of ■ chemists from the' Colours oii' the^ 
.cessation of hostilities.' 

The , opinion of the ^Council .on'. the' proposed publication of 
Chemical ', Bibliographies ■ , in- the ■ ■.■.English- , language has 'been 
requested, . by a Provisional- Committee dealing with this question. 

.- The , Cfemcfl, - deeming this to be a., matter on which the ■ Chemical'. 
- and - Allied - Societies should confer, have referred it to- the General 
Committee. 

■,,',:Th©''.pr#lem of -■iiimeas'ing.'Ahe'UBe .and.^cope' 'of -the'' -Library, 
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more partioiilariy on the technical side, is engaging the attention 
of the Council, and the matter has been referred to a Conference 
of the Representatives of Chemical and Allied Societies for 
consideration and report. It is hoped that the results of 
these several deliberations will be issued to Reliows in- the near 
future. 

The congratulations of The Chemical . Society have been conveyed 
to Professor S. Hoogewerff, of The Hague, on his attaining his 70th 
birthday. 

, Professor Percy F. Frankland and Dr. Alexander Scott have again 
been appointed to represent the Society on the Board of Scientific 
Societies. 

Sir William A. Tilden has accepted the invitation of the Council 
to represent the Society on the Court of the University of Bristol. 

The number of books borrowed from the Library during 1917 
was 2157, as against 1610 the previous year. The additions 
to the Library comprise 155 books, of which 62 were pre- 
sented, 282 volumes of periodicals and' 54 pamphlets, compared 
with 115 books, 329 volumes of periodicals and 35 pamphlets 
in 1916. 

The accounts for the year 1917 show a balance of income over 
expenditure amounting to £1,652 9s. lid. as against £1,865 19^. 9d. 
reported last March for the previous year. Whilst the income from 
all sources was £8,529 18s. lid., and therefore greater than that for 
1916 by £365 19s. Id., the expenditure exceeded that of 1916 by 
£579 8s. ll'C?., and reached the sum of £6,877 9s. Od. This increase in 
expenditure is due principally to enhanced cost of producing the 
various publications., expenses on account of the Journal being 
£4,420 19s. 2d. as against £4,074 14s. 0^^. during 1916, 'Whilst the 
Amiual Reports cost £64 '14s. 2d. .more than in the previous year. 
Various items of administrative, expenditure have brought the 
aggregate under this heading from £1,281 5s. lld. to £1,472 4s. 5d,, 
including an increase from 15 per cent, to 20 per cent, in the war 
bonus paid to the staff, the provision of' library furniture, and of a' 
larger supply of stationery ; it has also .become necessary to extend 
the insurance policy from £12,000 to £14,500. 

' "The compensating items of increased income are £82 . '1,0s.' Od., 
on' account of subscriptions, £135 Ils. Od, from interest , on invest- 
ments,. £100 17s. Bd. 'from lhe sale of publications, and .£86 , ',9s, 5d. 

; froni' advertisements' in the". Journal,.: the. improved dividend on 'the 
. .'Society’s ,' capital being "prinoipaliy due , to , the , purchase' ,' of ' War 
Loan with the balance from 1-916. 

. ' In the 'Eep'Orts:^ last , two years it , has been the practice 
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to indicate the effect of the War tipoti the size of the Jonraal, and 
this may fee brought to date fey the following .synopsis : — • 


Number of Pages. 

Trans. Abstr. Total. 


1914.. ... 2,909 2,068 4,977 

1915 1,862 1,944 3,806 

1916.. 1,368 1,532 2,900 

1917 1,128 1,308 2,436 


It thus appears that the Joiirnal has diiiiinished to Just under 
one-half the pre-war standard, and it is disturfeiiig to find that whilst 
the cost of printing was £3,230 65 . %d. in 1914, the corresponding 
expenditure for 1917 has been £2,543 Is. 9d., an increase of more 
than 50 per cent, having regard to the relative nuinfeer of pages 
concerned. This appreciation is due to the greatly increased cost 
of paper and to the fact that it has been found necessary to augment 
the bonus paid to Messrs. Richard Clay and Sons, Limited, which 
is- now 37| per cent. Yaluable assistance has been rendered to 
the Society, however, by Mr. C. F. Cross, who has recently secured 
an improvement in the quality of the paper upon which the Journal 
is printed and has advised the Oounc.il in respect of the price which 
should be paid for it,' 

One grant only has been made from the” Research Fund during 
1917, the disbursement being one of £10 as against £94 for 1916,' 
£137 for, 1915, and £287 for 1914, Repayments have amounted to 
£61, and as the dividends have increased by £73, the excess of in- 
come over expenditure amounts to £553 2^. Od. as against £380 sM. 
for 1916, Early in 1917, £600 War 'Loan 5 per cent. Stock was 
purchased with the balance from the previous year, and this capital 
S'Um, together with the substantial investment recorded in' the 
previous' Report, will help to provide a , considerably ■ increased 
annual amount : to be expended . 'upon ■, chemical research when' 
'■circumstances permit the resumption, of nO'rmal' activities. . 

'.' A vote of thanks to- the Auditors was proposed by the Tbeasueer 
' and' seconded by Dr. G*.. Senter,. Dr. C. A. Reane ' making ackiiow- 
le'dginent. ' 

' , Professor W. A. BoN'EprO'posed .a -vote of' thanks to the Treasurer, 
,'Secretar.ieSj Foreign 'Secretary,, and Council for their services during 
'.the past , year. This was seconded . by..''Dr, „ H. Forsteb. Mobley and 
"acknowledged by Mr. 'A.' 'Chaston ; Chapman. 

".in presenting .the Longstaff Medal' to Lt.-Gol. Aethub W. Cross- 
..".'LEY, the '.pRBSIBENT said : ' 

^^The introduotion .of, ,'ethyl' m'alonate .and ethyl' acetoacetat©,'"' as, 
synthetic agentS' for 'the preparation-, of polymethylene .derivative© 
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£806 Victoria 3 per cent. Stock ... »• 

£3681 ns.3rt. 6 per cent. War stock 10 
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INCOME AND EXPENDITU'EE ACCOUNT 


IncoTne, 

To Life Compositions 

,, Admission Fees 

s, Anmiai Subscriptions— 

Received in advance, on account of 1917 

„ during 1917 „ 

» » „ „ 1916 

5 , ,, ,, „ 1915 and previous ... 


Less amount included in last year’s Income, being valuation of 
Arrears a.s per last Balance Sheet ... 


Add Arrears at date : 1917, Jg504 ; 1916 and previous, ^6554, estimated 
to realise as per Balance Sheet ... 

, Lady Subscribers 

Investments : — 

Dividends on £6730 Metropolitan Consolidated 3A per cent. Stock ... 
„ £1050 London and North Western* Railway 3 per cent. 

Debentnre Stock 

£1520 14«.3d:. Cardiff’ Corporation 3 per cent. Stock ... 

£1400 India 2| per cent. Stock 

£2400 Bristol Corporation per cent. Debenture Stock 
£4341 Midland Railway 2| per cent. Preference Stock 
£1200 Leeds Corporation 3 per cent. Debenture Stock... 
£1500 Transvaal 3 per cent. Guaranteed Stock, 1928/53 
£1200 North British Railway 3 per cent. Debenture 

Stock ... 

£700 Canada S|- per cent. Stock 1930/50 ... 

£3200 5 per cent. War Stock and War Bonds. 

Income Tax Recovered ... ... 

Interest on Deposit Account .. 

Publication Sales:— 

Journals 

Proceedings 

Collective Index ... ... 

, Library Catalogue ... ... ■ ■ ... ■ 

, Atomic Weight Tables ... 

Annual Reports on Progress of Chemistry ... ... 

Memorial Lectures S ... 


£(j« Publishers’ Commission ... 

,, Proceeds of Advertisemente in Joumai... 

Zim Commission ... ... ... ■... ... 

j,. Miscellaneous Receipts ... ... ..... ... ... .... 

,, Subscriptions from other Societies 


£ 

s. 

d, 

250 

0 

6 

4341 

0 

0 

366 

0 

0 

36 

0 

0 

499S 

0 

0 

390 

0 

0 

4(503 

0 

0 

400 

0 

0 

176 

18 

4 

23 

12 

6 

34 

4 

4 

26 

5 

0 

45 

0 

0 

82 

15 

0 

27 

0 

0 

33 

15 

0 

27 

0 

0 

19 

13 

9 

122 

11 

3 

135 

8 11 

36 

16 

4 

1485 19 

0 

10 

5 

0 

54. 

7 

5 

1 

0 

0 


5 

9 

170 IS 

0 

S 

3 

S 

1726 18' 

5' 

167 13 

2 

£30S 

6 

3. 

. 27 

2'' 



£ s. d. 
247 0 0 
604 0 0 


7 10 0 


790 15 


1558 5 3, 


281 

4 

34 


£8529 18 11 


' I ' have ' examined the , above Accounts with ' the ' Books ' and. fouchers of ' .the . Society, and 
and' the' Investments. , 


23» Quibkn Victokia S.TEEEr, B.C. 4, 
.. r . .. Mmrch m, im. "■ 


W. B. K3SEN, 

'Gkmtmd Accountant, 
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FOE THE YEAR ENDED SlsT DECEMBERj 1917. 


Expenditure, 


By Expenses oa aecciimt of Joiiraai 

Salary of Editor, including Indexing ... 

Salary of Sub- Editor and Assistant 

Editorial Postages 

Abstractors’ Fees 

Printing of Journal 

Banding 

Printing of Advertisements 

■Wrappers and Addressing 

Distribution of Journal 

Authors’ Copies 

Insurance of Stock 


£ s. dp £ ». d. 


620 0 0 
250 O' 0 
16 15 1 
SOS 12 2. 

•254S 7 9 
56 6 11 
104 2 7 
4 9 9 
401 2 9 
97 0 0 
19 2 2 

4420 19 2 


, Animal Reports on the Progress of Chemistry 
Purchase of back numbers of Journal 

, Xjibrary Expenses 

Salary of Librarian and Assistant ... 

Books and Periodicals 

Binding 


,, Indexing for International Catalogue 

,, Donation to International Commission of Publication of Annual Tables 
of Constants and Numerical Data, Chemical, Physical and Techno- 
logical 

„ Administrative Expenses 

Salary of Staff ... 

War Bonus ... ... ... 

Wages (Commissionaire, Housekeeper, and Charvroman) 

Coal and Lighting 

House Expenses and Repairs 

Furniture 

Tea Expenses 

Insurances 

Accountants' Charges 

Commi.ssion m Recovery of Income Tax 

Law Costs 

Miscellaneous Printing 

Stationery . ... , ... 

Postages... .. ... 

Miscellaneous Expanses 

,, Balance, being excess of Income over jExpenditure carried to Balance 
Sheet ... 


435 IS 0 
5 IS 6 


269 IS 0 
193 10 2 
39 5 9 



— 

502 13 11 



0 0© 



10 0 0 

430 15 

0 


201 11 

9 


187 16 

6 


72 15 

2 


96 4 

5 


69 12 

9 


27 3 

6 


32 0 

6 


21 0 

0 


6 25 

5 


1 1 

0 


84 5 

7 


117 5 

1 


77 12 ■■ 

2 


46 5 

7 



1472 4 '5 


1652 9 11 


ig«52a,18 11 


certify them to be, in accordance therewith. , , 1 have 'also verified Xthe Balance at the Hankers 


■Approved — CHARLES' A». KEANE, 
B, W. VOEL'CKIB. . 
aF.'CEOSS.',; 



Ebseaech JPUNB Income and Expenditure Account for the Year ended 31st December, 1917. 
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iieraided ran entirely new aspect of organic chemistry^ Until 
some tliirty years ago, almost the only closed-chain compounds 
Vv-liicii had been fundamentally studied were derived from the 
aromatic hydrocarbons, and the well-recognised stability of the 
benzene ring had led to the development of a quite specific kind 
of , technique — a technic|ue in which a certain roughness in chemical 
treatment was permissible. The investigation of the polyinethyleiie 
derivatives soon showed that these substances called for much more 
delicate , handling. 

“ Professor Crossiey is well known to us as one of the most 
assiduous workers in this new field. He has contributed to the 
Society a large number of 2>apers, more especially on dihydro- 
beiizene and hexamethyleiie derivatives, all of which show evidence 
of masterly experimentation, and many of which have important 
bearings on the constitutions of camphor and other components of 
the essential oils. Much of his earlier work was carried out under 
conditions which left something to be desired as regards laboratory 
accommodation and general facilities ; British chemistry owes much 
to men who, like Professor Crossiey, have persevered and succeeded, 
no matter how unfavourable to original work were the conditions 
under which they were placed in their earlier days. 

Professor Crossiey, it affords me great pleasure, in the- name 
of the Council, to hand you the Longstafi medal for original 
research in chemistry. We hope that the important work upon 
which you are now engaged will come to an end at no distant date, 
and that you will then return with fresh vigour to your life-work 
in the service of our science/^ 

The Peesident then delivered his Address, entitled, “ The Future 
of Pure and Applied Chemistry.’’ Professor H. E. Armstbong 
moved a vote of thanks to the President for his services in the 
Chair during the past year and for his Address, coupled with the 
request that lie would allow the Address to be printed in the Trans-' 
actions. He also expressed the. hope that the Council would' circu- 
late it ' among both Houses of Legislature. The motion was^' 
seconded by Professor W. H. Peekin and carried with acclamation," 
the Peesident making acknowledgment. ■ 

'■ The report of, the Scrutators was presented,' and the PbesI'BEXt, 
declared that the following 'had be'en, elected, as Ofiice'rs ■ and' Council 
for the ;' ensuing,' year : 

; Jackson' Pope, 'C.B.E*, M.A'., B.Sc., F*E.,S; 

.Vice-Fresidents \who' have filled M Ofilm .of. Fresident,—Mm^ 

„ Edward"',, 'Armstrong,. P'b.'I)>, .'■■.'■LL.D.,'" F.E.S>; ' Alexander ''' Crum'"" 
Brown, D.Sc., LL.D., F.R.S.; Sir William Crookes, O.M., DJc., 
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RKS.j Sir James Dewar, M.A., LL.D., F.E.S.; Harold Daily 
Dixon, M.A., PkD., F.R.S. ; Percy Faraday Frankland, Ph.D., 
LL.D,, F.E.S. ; Augustus George Vernon Harcourt, M.A,, D.Ci,, 
F.R.S.; Wiiliam Odling, M.A., M.B., F.E.S.; Wiiiiam Henry 
Perkin, Se.D., LL.D., F.R.S.; James Emerson Reynolds, S’c.D., 
M.D., F.E.S.; Alexander Scott, M.A., D.Sc., F.R.S.; Sir Edward 
Thorpe, C.B., LL.D., F.R.S.; Sir Wiiliam Augustus Tilden, D.Sc., 
LL.D., F.R.S- 

Vice-Preddents, — Frederick George Doiiiian, M.A., Ph.D., 
F.R.S.; George Gerald Henderson, M.A., D.Sc., F.R.S'.; Arthur 
Lapworth, D.Sc., F.R.S.j Arthur Smitliells, B.Sc,, F.R.S. ; William 
Palmer Wynne, D.Sc,, F.R.S.; Sydney Young, D.Sc., F.R.S. 

Treamrer. — Martin Onslow Forster, D.Sc., Pli.D., F.R.S'. 

Secretaries. — Samuel Smiles, D.Sc. j James Charles Philip, M.A., 
D.Sc.,Pli.D. 

Foreign Secretary. — Arthur William Crossiey, C.M.G., D.Sc., 
F.R.S. 

Ordinary Members of GounciL — Julian Levett Baker; Alfred 
Ghaston Chapman; David Leonard Chapman, M.A., F.R.S.; Alex- 
ander Findlay-, M.A., D.Sc., Ph.D. ; Arthur Harden, D.Sc., Fh.D., 
F.R.S.; Thomas Anderson Henry, D.S'c. ; Charles Alexander Hill/ 
B.Sc, ; James Colc|ulioim Irvine, D.Sc., Ph.D.; Sir Herbert Jackson, 
K.B.E., F.R.S.; Robert Howson Pickard, D.Sc.-, PI1.D., F.R.S.; 
Frank Lee Pyman, D.Sc., Ph.D.; Edward Wiiliam Voeicker. 



PRESIDENTIAL ADDRESS. 

D-elivered at the Annual Geneeal Meeting^ March 21st, 1918. 
By William Jackson Pope, C.B.E., M.A,, D.Sc., LL.D.,. F.E.S. 

The Future of Pure and Apjylied Chemistry, 

One of the most pleasurable events of annual recurrence during 
my younger days was the Presidential Address to the- Chemical 
Society s it was generally a carefully prepared discourse on some 
technical subject of which the author was a master, and always 
left a lasting impression on the mind of the apprentice to our 
science. The long list of past Presidential addresses to our Society 
constitutes a maturely reasoned history of the development of 
chemistry during the- last seventy years. 

For three years past pure chemical research has been dormant 
the whole world over, and it would be difficult for the most accom- 
plished essayist to arrest your attention for an hour by an address 
on a subject of purely academic interest. Our mental point of 
view and our outlook upon both present and future are entirely 
different from those of four years ago; although the present is 
obscure and painful, the future gives promise of brilliant and rapid 
developments in natural science in general and in chemistry in 
particular. In this belief I venture to lay before you some reflec- 
tions upon the growing recognition of the importance' of our science 
and upon the responsibilities with which, owing to this change 
ill public opinion, our shoulders are laden. 

I have often heard the statement made by men who have grown 
old in the service of science that chemistry, and particularly applied 
organic chemistry, is a- subject in- which the' British nation can 
never excel : that minute . attention to detail, coupled with the' 
power ' of ' organisation and, co-o-peration, entails ■ something anti- 
pathetic to the British character; the ■ Germans, we know, have" 
often' 'expressed this view.. The events of the, last three : years have 
sufficed , t*o . dissipate this fallacy for ever. The manner ,' in -.which 
'Great Britain, caught in. the' autumn of 1914 with- scarcely, any, 
.resources in the shape of equipment for the manufacture ' of, fine;, 
org.anic chemicals, has rapidly '■become- -a larger producer of 'explo-; 
'sive, ,'pharm.aceiitical,; photographic, ■ and other essential chemicals 



90 POPE : THE' EUTiraE OF FUEB A.'N'D ' APPLIBB CHEMISTRY » 

ill an dermany. will remain an enigma to tlie ■ historian of these 
present times. The obscurity which surrounds this rapidly exe- 
cuted operation is not diminished by the existence of difficulties 
which have iiatiirally acted as inhibiting agents. This country 
enjoys in a greater, measure than any other State a representative 
Government 3 in spite of the many advantages of, such a form O'f 
Government, the fact remains that it necessarily admits of no 
representation of any phase of public opinion which is not loudly 
and insistently expressed. Science has' always been in this latter 
position ; it has been iinvocative. During the first few years of the 
nineteenth century, Dalton enunciated the atomic theory, Thomas 
Young stated the undiilatory theory of light, and James Watt 
invented the steam engine, and by these events all the amenities 
of human life have been revolutionised; indeed, they have exercised 
vastly more influence on the well-being of our race than did the 
Napoleonic wars. So accustomed ' are we, however, to ■ routine 
habits of thought that most of us would probably answer, in reply 
to a suddenly posed question, that the battle of Trafalgar was the 
most pregnant event of the fi.rst quarter of the nineteenth' century. 

A brief moment of reflection would lead us to correct this hasty 
statement. Sodium was discovered by Davy in 1807, and benzene 
by Faraday in 1823. From sodium we obtain ^od amide, the prime, 
agent in making artificial indigo , an; economic possibility; the 
.separation of benzene from coal-tar led by logical sequence to the 
production of Perkin’s mauve and of thousands of other synthetic 
colouring matters, and to the manufacture from coal-tlr anthracene 
of synthetic alizarin, the first heavy blow aimed at the position oi‘ 
the Turkish' Empire, involving as- it did the ruin of the Turkey-red 
or madder industry. ' The first practical process for making alumin- 
ium depended on the use of Davy’s sodium, and: with the aid of 
Davy’s safety lamp '250,000,000' tons of coal , are' mined annually 
in this country with comparatively slight ''risk. :;Faraday’s early 
investigations on the chemical -aspects of electrolysis' and his studies 
on ' magnetic inductdo'ii led immediately -to- the invention of' the 
,dyn,amo, and, through Clerk Maxwell, to ,the introduction ' of wire- 
less 'telegraphy; this O'Ue branch of Faraday’s investigatiO'Hs,, iii' point, 
'of fact, constitutes' the ground-work of -the" whole stupendous'' vista 
of results of the general introduction -of ' the - ele'ctric current into., 
modern life which -is so, familiar to' us, 'all.-, Cavendish’s, 'early' pro- 
duction of nitric acid' by .the -passage of an electric spark through 
"■air, -'■ reproduced on , an enormou'sly ■ larger scale, ,is now furnishing 
Central 'Europe ■ with 'the nitric 'acid '-without ,which '.no explosives 
'-could be manuf actured'. , ' ■ 

The.' above-mentioned :'an'd^ multitudes' of other' fundamental dis'- 
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coveries in physical ^aiid clieiiiical science were made almost within 
a stone'Vthrow of this room; most of them were made in the Royal 
Institiitioiij and all of them by an expenditure of money infinitely 
small as compared with their present-day effects. 

Anyone who is in the habit of reading modern historical writers 
— and they have become quite illuminating since a scientific mode 
of writing history has been substituted for the older fictional style 
■ — knows how political changes, national reforms arising from an 
'effort of the collective conscience, the magnetic influence of some 
popular demagogue, and the like, are invariably invoked as 
explanatory of all the vicissitudes of our planet. 

The modern historian is here taking a false point of view, and; 
since he is, in general, quite unacquainted with. ' physical science, 
Ms methods are inadequate. The whole history of Europe for the 
last century has been made within a few hundred yards of Burling- 
ton House in o-ur scientific laboratories. One of ' the most potent „ 
incentives to political changes resides in the desire to increase the 
amenities of life-, and research in pur© science has had for a hundred 
years past the ^eatest influence in facilitating the realisation of 
that desire. Co-operative effort, on© of the most striking aspects of 
modern life, only became possible when science provided the facili- 
ties for municipal power schemes, for telegraphic connexion over 
tli©%hole world, and for the concentration of production in definite 
centres. Chemical science is still furnishing the means for further 
. revolutionary, .^.changes; during the last few years we have seen 
great technical developments of purely scientific discoveries — the 
wcmk of Dewar on the liquefaction of gases, and that of Cross and 
Sevan on viscose and artificial silk, both of which have led to the 
profitable utilisation of .vast amounts of capital — -and it is as yet 
impossible to indicate the ameliorations of the coiiditiohs, of human 
life- which will inevitably result from contemporary chemical 
investigation. 

In a time of crisis like the present, British custom tends towards' 
rill© replacement o-f unreal conventions by what is really vital; we 
; have' been; engaged upon, this operation for several years.* Whilst 
previously unheard-of changes' have succeeded .each other baleido-' 
scopically" in, the national constitution, ■ in the political parties in 
power,, in the freedom of' the 'Subject, ■ and in hosts of .other ways, 
the nation ' has recognised' that science is the only real m'aker of 
,liistory.' The whole Empire is -now -one vast chemical and engineer-, 
iiig; laboratoiry, and we , even 'live 'On a scientific nation 'Of so‘,' many 
■' calorific;'" 'iiiiita. It is , ' obviout ; "that'; ■chemistry, with,' physics, 

' engineering, ''preventive medicine,' and\;others of th'© natural' sciences, 
''Which; ''''previ 0 usl,y'''had,.' no imperMistic' positifny because ," ,p6,'Werl©ss', 
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tO' make or break a G-overnment^ liave become the pivot on which 
turn all our hopes of retaining an independent national existence; 
it has been suddenly realised that supremacy in these branches of 
knowledge is vital to our co'untry. 

The time is approaching when this state of affairs will change; 
neglect of the natural sciences will then no longer put us in danger 
of sudden extinction, hut, as was taking place years ago, will lead 
to our slow, certain do-wnfall as a nation. The responsibility is 
placed upon our scientiffc men of taking such measures as will 
ensure that the old order is not re-estahlislied, that science makes 
her voice heard in our national councils, and that policies of drift 
are for ever ahaiidoned. 

We have in this country three large and long-established organ- 
isations devoted to various phases of chemical science : the Chemi- 
cal Society, the Society of Chemical Industry, and the Institute of 
Chemistiy. Is it too much to ask that these three representative 
bodies, with perhaps the newly-fo-unded Association of British 
Chemical Manufacturers, and ultimately all the other cognate, but 
more specialised interests, should set up a watchful and alert joint 
Council with, directions to consider national questions in which any 
of the varied interests of chemistry are concerned, and to make such 
representations to our administrators as would voice the corporate 
view of the Joint body. 

I am inclined to think that, had such a body been in existence 
several years ago, much that has been accomplished in the interval 
by somewhat devious methods wo^uld have been better done. One 
instance will occur to everyone : that of the much-debated question 
of the re-establishment of ' the coal-tar colour industry in Great 
Britain. The scheme ,adopted 'by tbe Government for resuscitating 
this phoenix in our country, after its past thirty years of profligate 
productivity on the Continent, was launched without scientific 
advice ; the Cabinet mouth-piece, indeed, declared that the director- 
ate, of the company, was not to include 'men of scientific 'knowledge,, 
on the, ground that a director who knew something about, the busi- 
ness of the' company, would have an advantage' , over his less well- 
informed colleagues. 

Owing largely to, the' fact ..that we po'ssess no strong .collective 
council, representing the combined academic, scientific, and indus- 
trial aspects of our science and capable of representing' them 'before 
a representative Government, ' it 'may he argued that we chemists, 
are not , altogether blameless for the particularly .blundering way 
in which particular e.ri-ors' have been perpetrated by the .responsible 
ojSicials.' , Whilst, , 'we should ' be ■ thankful, .that , our blunders ""have,' 
not 'led .to our , destruction, 'we.- 'should,'., proceed 'without,',' further 
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delay so to organise the resources o-f chemistry as to make it possible 
i:o enforce the adoption of scientific methods and modes of thought 
by, authorities to whom these are yet strange. 

The serious character of the British position in connexion with 
the coal-tar colour industry becomes more evident when one con- 
siders that this is a ke^y industry; upon it depend the textile^ paper, 
photographic, and pharmaceutical industries. The total capital 
employed in the organic dye industry in Great Britain is between, 
four and five million pounds, whilst the capitalisation of the 
German coal-tar colour firms is of the order of fifty million pounds. 
The need for greater and more intelligent activity in this direc- 
tion is obvious ; unless national enterprise can be stimulated into 
providing adequately for the manifold requirements of Great 
Britain and her Colonies in all those industries which depend on 
coal-tar colour manufacture, we shall be again in the hands, 
of the fox'eign producer. 

The control of a national dye scheme by business men with no 
real feeling for the enterprise on which they are engaged renders 
it fairly certain that the wider aspects of coal-tar colour mahii- 
facture will be neglected. The interweaving of the colour interests 
with those of synthetic pharmaceutical, photographic, and other 
chemical industries is essential to success. The utilisation and 
development of the resources of the Empire in natural colouring; 
matters such as indigo is necessary from a national point of view.. 
The careful study of our own and other codes of Patent Law in 
their bearings upon the fine chemical industry is also important. 
These, weighty questions cannot receive adequate^ consideration from 
any, purely lay body. 

It is mournful but instructive to compare our present position- 
in the coal-tar colour industry with the prospects which that branch 
of applied chemistry exhibited to Great Britain ■ in early days. 
The first coal-tar colour was made by Perkin in 1856, and in 1862 
Professor A. W, von Hofmann, one of the foremost chemists of the 
'day,,, a G.erman, domiciled in . this' ■ country, painted an alluring"' 
''■picture .of the future in' store for us. Said he: '^'England will, 
beyond, question, at no distant day, .become herself the greatest 
-"Colour-producing country in the w,o,rld,, nay,., by -the -strangest of 
revolutions,, she may, ere .long,, send her coal-derived ' blues to* 
.indigo-growing India, - her , tar-distilled; crimsons to cochineal-pro-" 
ducing Mexico, e-tc.^" „ , When- we. contrast this dazzling -prospect,., 
made 'by one of the .most far-sighted of- 'contemporary, , Germam' 

' chemists,," with, .-the,, actual, .-situation, ''.we.'cannot, but ask'wEy the-r 
, event, ,fe-li so , miserably -behind - the .forecast. The 'rea-s-on,' 'in, 'iny-' 
.opinion, lies,,, in the.;. fa-ct, that-, 'opulent, -'indolent Great^ Britain .has'"- 

- t . 



294 BOFS : THE I'UOTKE OF TORE AHB APl^LIEB CHEMISTET. 

for th,e past century permitted all its educational interests to pass 
into tlie hands of a particular caste wMcli despises all knowledge' 
difficult to attain and, to camouflage its own idleness, lias always 
pressed tiie notion, that a firsthand knowledge of tlie facts of 
natural science and tlie conclusions to be drawn tberefrom is un- 
important, and that the young man or young woman does liis or 
lier best in the world if thrown into it entirely destitute of aiiy- 
tliing but an evanescent acquaintance with certain classics and a 
decided taste for so-called learned leisure. The greater among the 
ancients were creators of new knowledge as well^^as masters of the 
■whole accumulated world's stock of information; their successors, 
unproductive of positive' knowdedge and- very ignorant of the great 
changes taking place around them, can but wonder at and com- 
ment vaguely on the genius of Archimedes and Aristotle, and 
necessarily despise the.' achievements of Newton and Kelvin, their 
mO'dern prototypes. Illustrations of the stultifying effect of a 
purely classical education are laid before, us every day ; one recent 
example may be qiiote'd here. The gentleman who shares ' with 
Mr. A. J. Balfour the honour of^ representing in Parliament the 
greatest centre of business and flnShcial activity in the world made 
the following statement in the House of Commons last Thursday 
whilst opposing, Mr. Fisher’s Education Bill: 'Mt was said' that 
education was necessary to make the rising generation good busi- 
ness men. His experie-nce in the City was that the man who took 
Firsiis at Oxford generally came out last, and that the man who 
could hardly write his name .generally came out first. ,, The ex- 
planation ■ was that education could not put into a man that ' instinct 
of self-preservation and common sense which was the foundation 
of all success in business, ' How could' education assist' a ' farm 
'labourer to spread manure on a field? The best'. labourer ' he 'had 
known was wholly illiterate. ■ If the 'waste of' tlie war was to be 
replaced it would be 'iiecessary for' the young to. start as early as 
possible, in, doing a day’s work, instead .'of ..wasting ■ time on useless 
book .learning/’. This represe'.ntative ' of the: City .of London is a 
baronet of recent creation and a director' of on© of the largest 
London ' banks and. ., of., one of the most .important English rail- 
roads; he received. :his education.” ■ at one of the oldest .and ' most... 
rigidly' classical of our .great ''public scho'Ois. Comment is probably 
unnecessary. 

..Every ''Scientific man in the world realises , that an innate appre- 
ciation for fine literature, for great thoughts, nobly expressed, .' and • 
for , .t'h,6,'„appropriate' delineation, .ef . our greatest aspirations,' '. are. ' 
among .'.the mO'St'.'S.ubl^^ instincts 'of humanity and" demand;; .the,'.:, 
.most,,' careful; c '"Our- literary '.men "saxr ''that we cannot 
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express oiirseives effectively, and offer as a satisfying feast tlie old 
leones left us ]:)y the Greeks a.nd Latins, chewed over for centuries 
until SO' devoid of nutriment that they led ultimately i o the mental 
atrophy which characterised the Middle Ages, an atro'phy that was 
only shaken off by the taste for knowledge which, arose from the 
exploits of geographical science in the Elizabethan period. 

If the power of expression rests., with our literary friends, why 
are they sO' idle ? It is their obvious duty to devote themselves to 
popularising the natural knowledge acquired by the scientific 
observers of the past two centuries ; this real learning has so 
infinitely extended human interest in the world around us and gives 
such promise of further conquests that an appealfor its considera- 
tion would certainly not have been made in vain to Plato or 
Lucretius, No one asks for the abolition of classical literary 
learning, but the whole world is now demanding that the young 
should be provided with an education which includes an insight 
into our present-day knowledge of the universe. 

The rather petty disputes which rage about this matter of 
classical and scientific education are one-sided; the scientific man 
generally knows something of both aspects of the subject, whilst 
his classical compeer rarely has any acquaintance with’ science. 
Unfortunately, the great questions involved have more than a 
petty bearing upon the well-being of our nation. The classical 
school has held. our country in such bondage that, to all practical 
intent, no person can be admitted to the higher public service 
unless he swear adhesion to the caste. It is almost regarded as a 
platitude that acquaintance with natural science disables a ..man. 
from fulfilling any high public office; practically all the superior 
positions in the Civil and Diplomatic Services must be filled by 
men of classical' .instincts. ■ 

I venture to think that the wisdom of this mode of selection has 
been seriously .impugned during- ■ the . last four years:. The huge,, 
Gover:nm€iit departments which have, arisen of .late in,ay be divided" 
...roughly into two classes: — those staffed by, men of 'some scientific 
training and those, staffed by classical . university, graduates. . Any-, 
■one : who , 'has had "occasion to: irote -'the .numerous recent ■: criticisms, 
,'0,m',„'6over'nment -departments must, have observed- that these ' stric- 
tures' '',:have "'.almost invai'iably -been: passed --on : administrative,; 
branches „ of the service,; ^ delay, 'the; encumbrance o.f red-tape .and, 
iiiabil'Xty ':'to' :draw ,a decision, , s^m'. indi-geiiO'U-s "in ; certain Dover n-, 
me'iit' offices, ' and ' none of" the- numerous attempts at'' reform has' 
been successful. The administrative services are those in which 
the classical man is predominant. Other branches, such as the 
home Army Medical Service, have practically never been charged 
voi^. oxm. . , . ' . K 
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wit'll inefficiency; tlie worst that has been alleged is a suggestion 
of extravagance. 

The department Just named is staffed by men who have had^ 
at' least, the rudiments of a scientific education; if control 
ill the Army Medical Service had been vested in the classical 

scholar of abilit^r but no knowledge, it is certain that the last 
three je-&rs would have seen a re'petition of the horrors of the 
Crimean canipaign and that the army mortality from disease would 
have been greater than that caused by the ordinary instruments 
of war. 

Such a control, happily, has been avoided ; it has been avoided 
merely because medicine possesses the collective organisation for 
which I plead in chemistry, an organisation sO' strong as to- make 
the imposition of an irresponsible lay control unthinkable. 

I have already directed attention to "'the frequently expressed 
opinion that, as a nation, are incapable of excelling in the fine 
organic chemical industry; let me quote one instance,' small in 
itself, but large in its consequences^ in disproof of this view. 

The ordinary photographic plate is sensitive only to a region 
in the blue of the spectrum, but by incorporating certain rather 
fugitive organic dyes with the sensitive' film, the latter' may, be 
rendered sensitive to the green, yellow, and red parts of tiie^ spec- 
trum; photogi-aphic plates so treated are described as panchro- 
matic. The quantities of- the ' -sensitising dyes required for the 
whole workhs consumption in normal times is minute, being, indeed, 
of the order of a few pounds per annum. Until 1915, these sub- 
stances had never been made outside ■ Central Europe, and little 
was known by us of their compositions or of the me'tliods of , pre- 
paring them, as .they were' all sold' under, trade names. The manu- 
facture of these materials, small -as was the,, whole business, had 
■been industriously cultivate'd' by. -the ' G-erman colour works, and, 
as these colour, sensitisers. are. essential in aerial photogz'apliy, their 
scarcity became' of,' serious import 'quite' early in the war. 

The €'Xperimental investigation of. the whole subject was quickly 
put in' hand in .this country, -'and 'within' a few months ample sup- 
plies of the usual sensitisers were, produced. , , Further, the newly 
established 'B.epartment of' Scientific and Industrial ' Research 
"'financed'' the development of the study of .photographic sensitisers; 
as a result, of ': this .action, 'new sensitising 'dyes have been produced 
' Which .are far 'superior' to the., older ones. , It is safe to assert that 
" the 'manufacture of ,pa,nehromatie' plates has now attained a degret) 
■of '■'"'perfection .in this country such .as ' will, long defy co-mpetition. '" ■ 

.This is '.but ,one„ case that may be quoted' from among, a hQst,„of 
.'.others,: ail,' of ; which ..prov.e conclusively. 'that,',given a' little, enco,iirage-. 
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iiient and assistance j British chemistry is capable, not only of 
giving* miicli-iieeded relief in this time of strain, but of meeting 
every demand which can he made on it when tiie period of recon- 
struction commences. 

Whilst the absence of the ■ powerful weapon provided by a collec- 
tive cheiiiicai Coinicii, embracing all interests of the science, has 
made it iinpossihle for us to render the most economical service to 
our country, it is perhaps satisfactory to reflect that hitherto all 
that has been sacriiiced is economy. Our lack of power to enforce 
our views has led to financial extravagance on the part of the 
authorities; the lack of economy in time, which means lives, cannot 
be attributed to our chemists. The duty will fall to some future 
President at some later time to record the spontaneity with which 
the Fellows of this Society volunteered for service in our chemical 
works, our munition factories, and with^ the Colours either in our 
gas service or elsewhere. 

One aspect of this question, however, calls loudly for attention. 
For several years past our teaching staffs have been depleted, and 
but a small fraction of the normal number of young men have 
been able to present themselves for training in chemistry. Whilst 
the present demand for capable young chemists is vastly in excess 
O'f the supply, an,, even more serious situation awaits us i,n the future. 
If hostilities were to cease to-morrow, five years would be needed 
before our colleges and universities could begin to supply the large 
numbers of young chemists which will be required for the develop- 
ment of the future great fine chemical industry of this country. 

>Surely this is a matter which should engage the serious attention 
of the coii,iitry. , If it prove necessary to import young chemists 
from neutral nations to man our reconstruction schemes a handi- 
cap will be established wdiich we ma}’* never oiitriui. The adoption 
of some scheme by which a sufficient number of Juniors can be pro- 
vided to help in the great developments which the future lias in 
store for the scientific industries of the country is of. the utmost 
■iniportance. ■ 

' '.It , is ' .impossible to- reflect on the ■ desirability of a closer ' co-', 
operation between ' the large societies representing chemistry,' in 
' Great' .'Britain, without' foreseeing many directions, in which such., a 
"union .'would', be of .value. As- .in; ey.ery' time." of awakening, ..dhere.. 
exists at '' ,pre,sent a , great "feeling .of ''Unrest among the '.younger, 
members': of . our. profession ; 'bf ' late quite ' a '. number . of ^ propositions- 
for the formation, , of . new "Scientific '.societies ha'Ve 'been promulgated,,' 
and '.all for the purpose of placing more, power in' 'you'nger'"hands:. a'n:d'. 
for'' ensuring to the' 'Juniors more ';se,eu.rity',of advaiic'ement* .The. final'',., 
objects of these propositions, so far as I have understood them, are 
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entirely praiseworthy^ but it is to be feared that the methods sug- 
gested for their attainment are not always ■ such as appeal to older 
and more experienced people as likely to prove successful. If we 
chemists collectively were in possession of some more centralised 
organisation j such an one, for example, as is represented by the 
Chemists’ Cliih in New York, with facilities for hospitality, meet- 
ings, library, laboratory accommodation, and the like, no cpiestion 
could ever arise of the creation of a new chemical body iiiiconnected 
■with the main organisation, A new and vigorous issue of the 
parent organisation would shoot at appropriate intervals, and 
would remain contributing to the strength of the family under the 
original patriarchal roof. We greatly need a central home of all 
■the ■chemical interests in' the country, 'and premises several times as 
large as the Chemical Society rooms, to use as ,a club, of which 
' every chemist in the country .would be a. member. , T'he question' of 
the necessary expansion of the Library, which is occupying the 
earnest attention of your Council, would find an easy solution in 
such a pooling O'f interests. ■ 

Notwithstanding that, during the past forty years, much has 
been done to* facilitate the entrance of talented and promising 
young men into the scientific professions, far more progress must 
bO' made in this directio-n if, are to regain for Great Britain the 
paramount position she once held in scientific discovery. The 
Natinral Science Departments ' in every Uiniversity in the country 
call for expansion in personnel, laboratoiy space, and equipment, 
and in provision for post-graduate research work; whilst scholar- 
ships fo^r .students in training are fairly plentiful, the ■ difficulties 
which face the advanced- student .who- - needs to spend, .and who 
would' benefit immensely.' by ■ 'spending,' several years o-n .■ original 
.research, are often insiirmoii'ntable.. Every p'Tofessor of chemistry 
in 'the country can recall- many -instances in which ' he , has had to' 
send liis ' students into, ' technical life at .too', early a peiiod,- s'impl'y 
because it has been impossible to secure ' for 'a -goo-d,. man the £150 
or' £200 per annum . necessary for- living expenses ; ■ the provision of ; 
■this small, sum would, in many cases,. convert a .half-trained- chemist 
into' a., .far greater asset to the S-t'ate. , ; , 

,. ' Whilst a, collective- eff'ort, exerte-d by all' the interested branches'-' 
,..'of- our '-'science,, to. ensure ■ the- ...efficiency of ' the newly-esta.b- 
dished "organisations for .furnishing- the requisite relief, is urge'iitly ' 
d.esirable, ,'it should' be noted that -it will become increasingly .diffi-'' -: 
.cult 'to 'retain .students' -'capable "of -..taking leading' positio-ns.-.for'' a-'' 
sufficient time, to ■■.ensure tlieir- ''prop'or ■' training. .-- ' During , se-veral 
'^years' 'past , I 'ha.V'e . been, visited by 'gentle'ine-n -.reimesenti-ng - larg.e''-''..^ 
chemical industries who have walked round my research labora- 
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tories to sort out tlie workers and to make overtures to siicli as they 
judged suitable for their own w’ork; the pressure thus exerted 
upon the universities to force the premature delivery to the works 
of the best men they have in training will necessarily increase 'Witli 
the coming still greater demand for technical chemists. 

The intellectual professions may be roughly classified in two 
categories : the productive and the parasitic. Those of the produc- 
tive class, which includes all scientific workers who produce new 
knowledge, are, in general, poorly remunerated; their practitioners 
are ordinarily so intensely held by the interest of the work in hand 
that they have little inclination to divert their energies to the 
necessary extraction of higher emoluments. The parasitic class, on 
the other hand, have always been able to command ample remuii- 
eration for their laboiirs ; the reasons for this difference are various, 
and need not now be detailed. It may be noted, however, tliat at 
the jubilee of this Society in 1891 the veteran, Sir W. E. Grrove, 
who ill his young days did so much to develop chemical science, 
told us that he ■was led very reluctantly to desert chemistry for the 
Law because the necessities of a then large family gradually 
forced me to follow a more lucrative pursuit.” The autobiography 
of the late Lord Playfair tells a precisely similar tale. Neither of 
these men is now remembered by anything beyond the great 
achievemeiits in chemical science of his early days. 

The fact emerges that if science is to remain in its service such a 
proportion of the most powerful intellectual and creative talent of 
the Empire as will suffice for our progress as a nation, some method 
must be devised for securing to its followers appropriate emolu- 
ments coiiimensiirate , "with those now allocated to the noii-productive 
professions. 

This is not only necessary in connexion with those purely utili- 
tarian branches of chemical science to^ which I have already directed 
attention, perhaps too/insistentiy,. iw; illiistrative purposes. "A' 
great danger exists at present, and. will grow iir the future, that 
the enormous productiveness of- experimental science will ' over- 
shadow the importance of scientific "work' of, less immediate utility,. 
It,;Would. be ,a great calamity if', .pure ' science were iiegiected, ■ in" 
favour ..of. the cultivation only of' natural, knowledge'' which , gave'' 

■ immediate ' promise of ; bene'ficial material .results, ,, One ,of the most 
iinportant /functions' 'ol, any' ■ expression" - ' of ,' collective .,- chemical ' , 
interests ,,-such as T„, have foreshadowed would be to ensure that, pure 
uiiprodiietive scientific research should be retained on an even 
higher level than that assigned to immediately productive original 
investigation.,-'/' ,.. .■ ' '':'■,,'„.;///'■./' 

At the 2)resent time, physics and chemistry are merging into 
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one; we foresee fciiat the near future will fiiriiisli us wiili still 
broader views of tiie universe and will mark a new develo-piiieiit 
pore iiliiminatiiig even tkan tlie great advances wliicli followed 
Dalton’s atomic tlieory and all its nin.eteentli century sequences. 
No material interests . must be allo^wed to clieck this stupendous 
expansion of oiir knowledge. 


OBITUARY NOTICES. 

ARTHUE JOSEPH BREARLEY. 

Boen Apeil 1890; Killed m Action June 20th, 1917. 

Captain A. J.- Beeaeley, of the Devonshire Regimen^ attached 
Special Brigade Royal Engineers, was reported killed in action on, 
June 20th, 1917. Captain Brearley was a native of Birmingham, 
being the elder son of Mr. and Mrs. Brearley, of Small Heath, 
Birmingham. He was educated at King Edward’s School, Camp 
Hill, and the High School, Birmingham, where he obtained several 
scholarships. He proceeded to Camhridge in 1909, where he was 
a scholar of Emmanuel College. In 1912 he graduated, having 
obtained a Pirst Class in Part ' I. of the Natural Science Tripos and 
a Second Class in Part II. of the same Tripos. During his 
university, career he rowed and obtained his second May colours. 

Prior to the war ho was science master at Exeter School. He 
was granted a commission in April, 1914, being promoted lieutenant 
in February, 1915, and captain in June of that year. Hev was 
transferred to .the Royal Engineers in July,’ 1916, and proceeded 
to the front in ■ April last year. 

His brother, Sec. -Lieut.'' Norman Blackburn Brearley, , Royal 
'Warwickshire' Reginieiit, was killed in' action in ' Mesopotamia in 
April last year. , The.' only surviving child, Lieut. Selwyii Black- 
burn Brearley,' iS' serving with .the ' Devonshire Regiment. .■ Captain 
Brearley was.t'wenty-se'ven years of age. 


BERTRAM HAW AED BDTTLE. ' . , ; 

Bgen Mabch 20th, '1888 ; 'Died 'Octobeb 1st, 1917.',. '■ ■ 

By,'," the death from wounds 'of,. Bertram . Haw aixl pButtley ...the, 
''Chem.'ical>'Soc'iety'' lias dost .one 'of '.'its' younger workers from whom 
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itiiicli iiiigiit' Iiave been expected in tlie future, wliilst those who 
knew him personally have lost a dear friend for wlioiii they had 
the greatest respect as well as aifectioii. 

Buttle,, when first I knew him, ivas a hoy in the former People’s 
Palace Technical Schools. After a short interval at West Ham 
Polytechnic, he returned to East London College and took the 
Science Coursey graduating with Honours in Chemistry at the E.Sc. 
examination in 1907. After taking his degree, lie went on with 
post-graduate work, the results appearing in the T ran sanctions 
He took up teaching, and was Science Master at Archbishop 
Ilolgate's School, York, wdien Professor Meldola asked me if I could 
recommend anyone for a demonstratorship at Pinsbury Technical 
College. Knowing that they both, possessed a common character- 
istic, absolute scientific truthfulness, Buttle seemed the right man, 
and, as might have been expected, fully justified the choice'. 

Almost immediately after the outbreak of war, Buttle Joined 
the University and Public Schools Section of the Royal Fusiliers, 
but was drafted for service in France ■with the Cas Section of the 
R.oyal Engineers in July, 1915. After- service with the Mediter- 
ranean Expeditionary Force in the winter of 1915 — 16, he returned 
to England, obtained his commission in May, 1916, and was in 
France and Belgium iiiitil last autumn, when he was wounded b^r 
an aeroplane bomb and died in hospital an hour later. 

The letters of sympathy received by his parents give an idea of 
the impression Buttle gave of his character to those who' knew hini.^ 
The Rev. W. Johnson, formerly headmaster of Archbishop Hol- 
gate^s School, wrote: “He was such a real man, so thorough and 
sincere that he gained everybody's affection in my. school, both' staff 
and boys. It is rare to find such wisdom wdth goodness in, so young 
a man, and much as I felt it his advantage to leave,,me, L 'mourned 
his departure from my staff as that of "a dear friend. 

‘"bHis sense of duty was very high and his ' influence .on my boys., 
'most excellent Y ' 

b Major Monier-Wiliiams wrote: “'His death is a greaL grief to 
me, personally, as. I was very much attached .to him; , He had been 
with me for several weeks and ■had. always ■ sho'Wn the: greatest .keen- 
ness ..and, interest in his wo'rk. ■' He was,. extraordinarily cheerful 'and 
, willing,'' and nothing .ever seemed' ■ to- be 'toO', mii'ch, ' trouble' for him-*-. 
I -could 'always, be certain that, whatever- 1, gave him to do ' would '.be 
■■well 'and thoroughly done. . 

'■ 'Captain' B'ansellVreferred"' to .the .'.'time-. Buttle. , served in.- liiS',' com- ' 
■«. Solubility ' of-"'- silver ' chloride ■ in .-..merourio- nitrate "solution',” 1.908,. iSy 
, ConstituMon^of polyniferophenols in^alkaline . solutions J.’-. 1909, 95, 1775. 
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piiiij, " wlierC' his i-oiirage and iicver-iailiiig good spirits woo. iiitii 
tile love and esteem of all officers and iiieii with whom lie came in 
contact.'’’ 

Such was B'uttle, honest, industrious, keen on ins work, and 
always cheerful and ready to do a kind action. Personally, I recall 
the many pleasant days spent working together. His friends 
mourn his loss deeply. J. T. H'ew'itt. 


NOB, MAN PHILLIPS CAMPBELI.. 

Botin Aph'il 1886; Killed in Action May 3ud, 1917. 

Norman Phillips Campbell was the son of Mr. James Carnp'bell, 
of Montreal, and' was born in Chicago on April 25th, 1886. He 
received his early education at the High School, Montreal, at 
Cliftoiiville, Canada, and Dulwich College. 

He entered Balliol College, Oxford, in 1904, taking his degree in 

1907 and becoming M.A. in 1913. Specialising in physical cliem- 
istry, he published in collaboration with Hartley papers in this 
Journal on the solubility of iodine in water (T., 1908, 93, 741), and 
a new apparatus for preparing conductivity water (ihld., 428). In 

1908 he decided, to go to Ceylon to take up a post under the Church 
Missionaiy Society at Trinity College, Kandy, one ‘of the largest 
secondary schools in the colony. On the outward voyage he 
carried out an investigation of the salinity of the Indian Ocean 
with the aid of Manley^s differential densimeter, the results being 
subsequently published in the Proceedings of the Eoi/al Sodetg of 
Edmhurgh (33, 124). 

Campbell woidced in Kandy from October, 1908, until the end 
of 1914. Although his , teaching . and duties ' as a social worker 
amongst his pupils (which entered- very largely into, his life) left' 
li,iiB, littl1&. time for research work,, he-. -carried out an investigation 
on the rate of crystal growth, which was published in the 
for ,1915 .(T., 1915,- 107',. 47'5).' 

' I'll December, ,1914, he re-kirned' to- .England and' enlisted as" . a 
■priv'a.te iw the Dondon' Scottish, ' shortly,. ' afterwards .obtaining ' a 
comhiissioii - in the "- Oxfordshire,, and Buckinghamshire' Light 
Infantry, and ' transferring to- the Boyal Engineers, Special Brigade' 
'.when, "it , was , .formed'. He, was , -wounded at„Lo-o-s, in lOl'S-'j 'but ' was- 
.soon, able to return ; to '.duty. ' . In 'May, 1916, he w'as promoted 
-'Temporary, 'Captain; he,- was,, 'killed "in .action" on. May', 3rd, 1917, 
leaving his wife. -'and','- -two ,'yo'ung 'children,'' '.His, -'many, .friends have 
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cause to lament tiie deatli of a man of conspicuous ability and of 
singular nobility of cliaracterj whose death for his country was 
typical of his life of devotion to others and to his duty. 


A. F. J. 


EDWARD WILLIAM LANCHESTER FOXELL„ 

Born Jury 7th, 1884; Died June 11th, 1917. 

Edward William Lanchester Eoxell was the third son of the 
Rev. W. J. Eoxell, Rector of St. Swithin^s, E.C. He graduated 
in science at University College, London, under , Sir William 
Ramsay, and was appointed in 1907 a. Master in the Science School 
and Junior' House Master in Christ’s Hospital. Eor many years 
he was an officer in the O.T.C., becoming O.C. on Colonel Board- 
man’s departure for active service. In Christmas, 1914, he resigned 
the O.T.C. and was gazetted Captain in the Bufs. During service 
at the front he fell ill with trench-fever, and died in, France of 
appendicitis on June 11th, 1917, 

Those who were so fortunate as to know Mr. Foxell intimately 
recognised in him a man of versatile attainments. He had a pro- 
found appreciation of all that is beautiful, whether in art, litera- 
ture, or music. 


MAURICE .KEMP-WE.LCH. 

Born 1880;^ Killed in Action .April 11th, 1917. 

Maurice ,Kemp-Welch was born at Bristol in 1880. ' He was e.d'ii- 
cated at Clifton College and King’s College, Cambridge,. taking the 
Natural Science Tripos in 1903.' - He was 'an honorary 'scholar of, 
his College. 

'On leaving 'Cambrid.ge, he ■entered business .life, dealing with the 
commercial 'chemistry of mils, '.im which ', he was greatly interested. 
He' .conducted' a number of'-..'im'portant.' exper'im.ents on wood'mil. 

' : , 'Immediately , , after : .the" outbreak ' of' - war • he ,. applied himself .to 
adapting' , German ' methods in ■ '■.rubber,., and with . Mr. Hadheld 
devised. . a-' ...process' ■ o£..,noa.ting ■ canvas . with; rubber .which.'. . promised 
w,ell .„ for' the. future. '■' Although' his .coneem with... these....' devices was 
in the first instance commercial, the one characteristic he always 
showed was science for science’ sake. He was on the eve of perfect- 
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ing some interesting researches iu oils when he obeyed liis country's 

call 

He enlisted in Kovember, 1915, in tlie O.T.C. at Lincoln’s Inn. 
He went to France with the lOtii Batt. Yorkshire Regiment in 
1916, and fongiit through the battles of the Somine. He 
was killed on April 11th near Henin-sur-Cojeiiil. 

Those who knew of his scientific work regret that his ingenuity, 
which had just hegim to produce valuable results, should now be 
perniaiientiy lost. 

He married in 1911, and leaves a Vvddow and one daughter. 


HERBERT KING. 

Boun April 7th, 1876; Killed in Action October 6th, 1917. 

IIebbert King was born in Scarborough in 1876, in which town 
he received liis early eclucation, winning a scholarship to St. Martints 
Graininar School, and three years later a County Major Scholar- 
ship to the Yorkshire College, the present Leeds IJiiiversity. After 
a course of three years at the Yorkshire College', he graduated in 
1895 as B.Sc. with Honours in Chemistry, and also won the Senior 
Ackroyd Scholarship, which, ho-wever, he resigned in order to take 
up a teaching post at St. •Martin’s Grammar School, Scarborough, 

' He was elected a Fellow of the Chemical Society in 1897. In 
1895 he became an Associate of the Institute of .Chemistry, and 
in 1900 was elected to the Fellowship with a special diploma in 
pharmacology, toxicology, and microscopy. ,, In, 1901 he became a 
M.Sc, (YictO'i’ia), and in 1905. a M.Sc.. of Leeds University. 

He was a member of the Priestley Club, and , also of the. 
Standing Committee of Convocation of the University ., of Leeds, 
the chairmanship, of which , -he resigned on. joining his Majesty 
,Forces in February, 1917,' 

' Between 1897. and 1908 Mr. King held posts as.Seie.nce Master' 
.at 'Bronfie'ld Grammar . School, , Shefiield, . Ashville College, Harro- 
gate, 'Wolverhampton Grammar 'School, ''and Scarborough, Municipal 
Secondary 'School. In 19,08 ,. he .-was ■, appointed , Head ■ of,', the 
Chemical .Department of the .' Cockburn High .School, an'd, ' 'Technical 
School," Leeds,; ,which,p"Ost he, held to' the; time of 'Ms 'entering "the" 
Army..,: 

.,From 19G9''.t'0 the' ti'me'"of .■his'.dea.th.'he. was the Public .' Analyst 
.for ,. Scarborough..' ; 

In.., Febriiai7,:'l.'9,17 Mr, ’..King' was',;gaZ"etted. to' ■a„commiBsio:n , in 
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tile Army Ordnance Department^ and after undergoing training in 
a special course at Woolwich , he was engaged on Goveriiinent w’ork 
at Portsmouth^ from whence he proceeded to Franc© in August, 
1917, and was killed by an enemy bomb on October 6tli of the 
same year. A. J, C. 


LEONARD ISON PITT. 

Born 1888; Killed in Action July 30th, 1915. 

A PROMISING life was cut short by the death in action of Leonard 
Ison Pitt. Pitt received his early education at the Coopers' Com- 
pany's School, matriculated at an early age, entered East London 
College in 1904, and. took the Final B.Sc. (London) examination 
in 1908 with First Class Honours in Chemistry, a month or two 
after his twentieth birthday. 

The next year was spent at research work, which was interrupted 
when Pitt went to Stamford Grammar School as ■ Science Master 
in 1909; at the time of the outbreak of war he was assistant head 
at the school. During this period, he took a great interest in 
agriculture and agricultural chemistry, and passed the first part 
of the Diploma of Agriculture at Cambridge. 

After reading the above record, one might imagine that Pitt’s 
twenty-six years of life up to 1914 had been spent entirely at work. 
As a matter of fact, he was a very keen sportsman, and especially 
excelled at football, whilst he took a considerable part in the social 
life of his college, endearing himself to all who knew him, Pitt 
was very much alive, and with his witty sayings and . pleasing 
personality kept his immediate neighbours lively as well, whether 
on the football field or in the research laboratory. 

V He enlisted at the outbreak of war in the 8th . Battalion of the 
Rifle Brigade, and was very proud ' of ^ being one of the First 
Hundred; Thousand of Kitchener’s Army.' By dint of I'larcl work 
and Ms power of' commanding 'ineii, he, obta'inecl rapid promotion 
'.and' became , platoon .sergeant .'Of “D .Company , before' .many, 
months had elapsed. He embarked ior, France in May,: 1915., ' and" 
met his death at.Hooge -while leading,. his, platoon" iii' a' 'Coii.nter- 
attack, o'li ' July 30th, 1915. The, Officer Commaiiding/liis .platoon 
writes: ■ . . . ' 

'' A b'etter"; Sergeant or, 'frie'nd, no '.man .''could 'Wis'li — he met', h,is' „ 
death, as 'Only 'an English gentlemah can— leading Rn attack ngainst 
■great ' odds ■ 

■ ;, A"'.maii of ';PitPs '.g,.'reat ability. "and"',' 'many 'at'taiiim.'onte'/'.'iiatu.ralt^^^ 
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iiad a large circle of friends, who, whilst lamenting his death, love 
and respect his memory. J* T. Hewitt. 


ARTHUR EDWIN TATE. 


Died April 22nd, 1918. 

Arthur Ediyin Tate in 1898 entered the Diirliain College of 
Science, now Armstrong College, in the University of Durham, 
New^eastle-upon-Tyiie, as a student in tlie Education. Department. 
He graduated as Bachelor of Science in 1901, with cliemistry as 
a principal subject. His interest in chemistry was real and living, 
anci led him toi devote his spare time to further tvork in this subject. 
While teaching in the neighbourhood of Newcastle, he worked in 
the College lahoratories in the evenings and Saturdays, and after 
his appointiiieiit to the science mastership at Pontefract Grammar 
School lie continued the experimental investigations thus begun. 
Ill 1909 he siibiiiitted the results of this work for the M.Sc., 
and was awarded the . degTee. ■ In 1910 he was appointed 
senior ' science master of the City, of ■ Norwich School, a position 
which he fdled wdth marked success. He joined the Royal En- 
.gineers in July, 1916, and went to France in the following Sep- 
tember, where he was wounded on April 12th, 1917, and died from 
the effects of Iiis wounds ten days later. ■ Arthur E. .Tate was a 
nia,n of sterling' qualities, a good and- successful teacher. ' He leaves 
■ a widow, to 'whom he. was married shortly before he joined the 
Army. ' 

; ■ . P. P. B. 

CLA.YTON BEADLE..' 

Born,"1868'; Died , A.UGtTST 16 th, 1917.,' 

'.■Clayton Beadle died, at', his .residence at Sidcup' on August 16th, 
."1917, at the ' age o-'f forty-nine; : ' 

■'■ Mr'. Beadle had .been seriously; -ill"' for some, time, but 'recovered 
''-'.-siifii'cieiitly to,' undertake . -a'" lo-ng-...'- foreign tour, pajtly on business 
.''.and .partly for .recuperation. .'■ Although- for a time .-.able to'resimi©', 
,'his' " .professional','., duties,. ',h©',', w-as; "unfortunately-, after" a. ' brave 
struggle, , again ' la.id''; lowg ' and ''iiltimately 'succunibed b '. ' 

, .- ''■■.Clayton',' 'B-eadle 'c'o-mm-e-nced Lis-.' chemical-' career .'■'at' the''''works of 
his cousin, Mr. Edmund Joynson, the well-known ''paper maker, 
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wliere he studied under Messrs. Cross and Bevaii, and formed with 
them a Kfeloiig frieiidsliip. After some time lie became a partner 
in that iiriii, and during’ that period lie- was associated with the 
various industrial developments of cellulose xantiiate or viscose, 
the name by which it is industrially known. 

On the termination of the partnership, Mr. Beadle associated 
himself with Dr. Stevens, and with him practised as an analytical 
and consulting chemist. He was not only an expert in the science 
of paper-making, hut was an acknowledged authority on matters 
connected with the chemistry of rubber, with which branch of 
industry he was intimately connected. 

He also did good work in conserving the water supply of the 
Kent district'. In this connexion, it is interesting to note that his 
father, Mr. Charles Beadle, gave valuable assistance to the Coin- 
mission appointed to consider the condition of the lower reaches 
of the Thames. " 

Mr. Beacll© made numerous contributions to technical literature, 
and his work was recognised by various societies, including the 
Royal Society of Arts, La Societe d'Encouragement pour 
ITiidustrie National (Paris), and the Franklin Institute (Phila- 
delphia). 


ALEXANDER MACOMB CHANGE. 

Born June 28th1 1844; Died November 22nd, 1917. 

Alexander Macomb Chance,- J.P., .was the ninth and youngest 
child of Geo..rg6 . Chance, ol- Birmingham, brother of the founders 
of the' well-known firm of Chance Brothers '& Co,, of Bpon Lane, 
and Oldbury. His.inother was Cornelia Maria, daughter of .Arent' 
■Schuyler " De Peyster, of New, York, in, which city Georg© Chance 
lived for many years as- partner with liis brother,. 'W,iliiain in' trade 
with ' til©'' United States. . 

‘ Alexander -Chahc© was born , oh , June- 2Bth,, 1844',. after" '.his 
father^s, return., to, England.-'. Havi.ng. 'completed his, education, at- 
Lausanne,, -lie/ found employment.- ...-with 'his „ 'relativ-evS at -theh' glas.s 
w.orks,- at 'Spoil Lane. - : Th© capacity that.,h-e showed -soon gained-, for 
him,, .ill "',1868, ', the -' managing,. ■■directi-o''n.,, of ' their-:-- alkali',' wo-rks-'-at- 
Ol'dbury. : .- In 1879 h© ',was':adHi-itted- 'a', partner in,' the ■ firm,'-, and', , lie 
retained the .principal direction . of ..the .works, fro,m, ,.'19Ql,''as'' -C32air-‘,-: 
man':' of '.the ',new, firm,,' of' - Chance - -Uunt,: Limited j,',uiitil 'his -'retire-. 

From the start he showed of what metal he was made. Much 
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waiitefl doing, and lie did it, speedily restoring prosperity to tlie 
works and eiiiiaiiciiig it as years went on. He was not a man of 
science; as lie liimself wrote at tiie begiimiiig : frankly admit 

that riiy predisposition is decidedly in favour of commercial negotia- 
tions, etc., rather than of tlie teclinicalities of inaiiiifacture.'’'’ 
lie was an organiser, a director of industry, able to get the best 
out of liis skilled subordinates by animating tlieiii with his own 
energy and zeal. As has been said of a modern Freiicli general, 
radiated vitality.’’ He was ever ivatchfiii of all improve- 
ments, of new processes, of all means by wbicli production 
might be increased or losses' saved. Of his many successes need 
only be noticed here his great triumph, tlie Chance Sulphur 
Beeovery Process. If he did not himself work out the chemistry 
of this, lie directed the experiments and faced the expenditure, 
and ill that sense may be said to have been truly the inventor 
of it. , 

Prominent among his characteristics were a singular power of 
quick and correct decision and a discerning knowledge of men. 
Those whom he gathered round him in the office, in the labora- 
tory, and in the works formed a staff difficult to match. He 
treated them as friends rather than as servants, and similarly 
with the workmen it would be hard to find a master enjoying to 
a greater degree their goodwill and affection. 

In social ^vork for their benefit he was indefatigable. Institu- 
tions established at Oldbury before his time, ' schools, dispensary 
fund,' mission, and relief .\vork, lie sedulously fostered, and much: 
else he initiated or , promoted, amongst them being ' religious 
endeavours, mutual help, sanitary housing, and. temperance.' The 
drunkenness that had been rampant at the works liC' abolished, 
liimself 'taking the pledge, .tO' the detriment of his health, to set 
am example. , An early achievement was the Convalescent Home 
, at 'Quinton, a few miles from "the ■ works, supported and managed 
by the men themselves, and regarded- by them as their own. Other 
benefits to , them were the Temperance Club and Institute at. 

- Langley, an'd' ■ the ..Provident Accident Fund, which lie devised on 
"'the. passing, of the ■ Employers’ Liability Act. That' Act, he. saw, 
would,' cover but very. . few accidents-, would involve long delays in -. 
its , ope'rati'on, - and would 'be-'' a'., fertile source of -friction between 
masters and men. . Under his scheme, the' firm, contributed equally 
with, the men '.to a 'fund from '.which the: compensation adjudged' for 
each cas'd' was paid -'without ''q.uestion . of whose fault,. a,nd’ mstantly. ." 
On© result,, not .pe-rhaps'.' foreseen, --was ■■an extraordinary diminution"' 
in the ■ nuinber , of .'.accidents., : . .’Undoubtedly .a-':; sense.'' of, .-.''personal ■..', 
interest :in'ade''the' m0n''.'' morebnare,ful;. ^ 



OBITUABY YOTIOES. 


309 


These piiiiaiitiiropic activities were by iia means limited to Oki- 
bury. Alexander Cliance associated liimself actively witk almost 
every movement for social advance in Birmiiigliaiii and its iieigli- 
boiirhood. Tiie cause of temperance found in iiim an unwearied 
protagonist. Generous to a fault himself, and giving for the love 
of it, he had a singular ability of persuading others to give also, 
and largely. If any fund of importance were to be raised, it 
became habitual to enlist him early in the cause. It may be ques- 
tioned whether the money for the Birrningliaiii bishopric could 
have been raised without his persuasive pressure on rich iiieii. 
The Birmingham Young Men's Christian Association owes its great 
modern development and success largely to his efforts. His ''St. 
Andrew's Guild/' ■ a work for which he received tlie^' thanks in 
writing of four bishops, transformed one of the worst slum parishes 
of Birmingham into a model of church organisation and life. His 
last achievement, pursued to a successful end through years of 
discouragement, was the acquisition of Warley Park for the use 
and enjoyment of the public. 

His married life was of 'uniform felicity. His first wife was 
Florence, daughter of Major- Arthur IT. IT. Mercer, 60th Pvifies; 
his second, Agnes Elizabeth, daughter of William Fleming, of 
Inverness, Both entered ' zealously into all his social and philan- 
thropic work. By the former, who died in 1903, he had eight 
children, of whom- four sons and a daughter survive him. ' ITis last 
years he 'spent in quiet retirement, at Torquay, , .where, he died, 
worn out with work, on November 22iid, 1917. 


JGITN .JG>SEPH EASTICK. 

Bokn FEBE,UAKy 6 th, 1855 b Died -Septembee 7th, ^ 1917., 

John Joseph Eastick .was 'born 'at , Great Yarmo.iitli, and in earijv. 
life had his attention, dir'ected 'to -industrial ..chemistry,- his father,-, 
being, manager of the Southtown. Gas Works ■ there, and- afterwards,'' 
ati Peel,. Isle of .Man. ,, Before- coming .to.' Lancashire, and, .taking --.up 
the- ■ systematic' study . of ,- .'science,- .he ':had. assiinila-t-ed-- the- contents', 
of- - Clegg's '.Gas '^Manufacture/^ and .often took, the keenest delight:, 
in' giving his' int-erested, fellow-students .'an .outline, 'of., .the' '.various', 
.operations' in 'the manufacture*,, ..-The early' impressions'", thus- .gained,, 
laste.d" through life, and., led- -'him,'-,’ to ."seek .'■the- utilisation "of .ch-emicsal, "- 
results- ra.ther. than to... engage .Tn-'-theoretioal .research.,-, , . -He.-gained - 
an exhibition at Owens College and afterwards a Boyai Exhibition 
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a;t tlie Royal School of Mines, where he secured the Associatesiiip 
ill Metallurgy. 

Instead of following this line, he became first ciieiiiist at the 
sugar refinery of Messrs. Abram Lyle and Sons. From 1890 to 
1894 lie was manager of the Australasian Sugar Refinery, Mel- 
bourne, and acted as honorary adviser to the Victorian Govern- 
inent on beet cultivation and sugar manufacture. Leaving for 
Queensland, he spent a year on improvements of Messrs. Craii and 
Tooth’s' Juice mills. During the next ten years, at Millaquin and 
Yengarie, he was general manager for the Queensland National 
Bank of their refineries, raw sugar mills, and juice mills and 
plantations. He was also director and chairman of the Bunda- 
berg ■ distillery for several years and justice of the peace for the 
territory. In 1906 he inspected tropical and sub -tropical agri- 
culture in the East, but owing to failing health lie returned to 
England. 

On the death of Mr. B. E. R. Newlands, his father-in-law, Eastick 
took over the analytical and consulting practice of Newlands Bros, 
at No. 2, St. Dunstan’s Hill, E.C. He took out a number of 
patents relating to sugar, and contributed important sections on 
the theory of filtration and on filtration in sugar factories and 
refineries to the English edition of Biiehler s '' Filters and Filter 
Presses/’' 

Eastick leaves a widow, four daughters, and three sons, the latter 
of whom are carrying on the traditions of their father in applied 
chemistry. Tribute will always be paid to his memory by his 
many pupils, co-workers, and employees, and by all who were- 
acc|uaiiited with, him for his never-failing kindly advice and aid. 

L. J. DE W'halley, ■ 


ERNEST- GEORGE HILL.- ' 

, Bobn Februaey, 1872; Died, 'June ,28th, 1917... 

'Profes'soii 'Ernest, GeoroE’ .Hill, who .died 'on 'June ,28th,; 1917,-, 
at, the Ramsay. Hospital, NainiYal, fro'm an. abscess' on, the 'liver, 
'was born in, February, 1872,, and was-,, .educated at , Oxford, 'obtain- 
ing the ,B. A.- and B. Sc. degrees- of that, University., 

In 1895 he was appo'inte.d dh the . Indian- Educational'. F^rvice, 
and. took up his duties', as Professor- ^of Natural Science,', at the,,' Muir 
College, Allahabad, ,,on December- .2'6th' pf --that year*-,' - ' H'e''''rfim,:ain'ed, 
,on,'.,,the^''■,'Staf ,',.;pf Col'lbg^'":for. .-.the 'rest'',of Ris ' life.,';^„;':Ln,:;,191t: 
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lie acted as Principal of the Oollege, and was perniaiieiitly appointed 
t O' that post ill 1913. 

H'G was 'for many years a Fellow of the Allahabad University, 
and was elected Dean of the Faculty of Science. 

The Muir College of Allahabad is the most important Govern- 
ineiit College in the United Provinces, and takes the first place 
aiiioiig the Colleges affiliated to the Allahabad University, which 
controls the college education of the province. The Muir College 
has ahvays been regarded as a model. The buildings are hue and 
splendidly situated in beautiful grounds, and teaching work there 
is not handicapped by the ver}^' large classes which make college 
work so difficult in Calcutta. In. these circumstances, and with 
this environment, Hill took a keen interest in his teaching work 
and remained throughout his career essentially an educationist. 

Ill order to help liis students, he prepared and published tables 
for qualitative chemical analysis and a handbook of practical 
chemistry, and his research work in chemistry was undertaken 
primarily with the object of making the teaching of his subject 
more real and interesting to his students. About that time 
Government officials were producing monographs on Indian indus- 
tries, and HilTs attention was directed to them, with the result that 
he undertook a number of researches into the constitution of Indian 
products, and used these to stimulate the interests of his students. 
As in many other branches of study in India then, the courses of 
schools and colleges were still too rigidly modelled on European 
syllabuses, and were apt to he followed by the students as exotic 
and unpractical studies, necessary for a degree, but of no other 
value.. 

Like all those who become . seriously interested in. University 
work in India, Hill felt the importance ■ of improving the teaching 
in schools in order tO' secure a b-etter .foundation, for college educa-" 
tioiij . aiid together with ,Mrs. Plill .he prepared' .a. .scientific reader 
for use in .schools. 

■As Principal of the .M.uir .College. and D.ean. of the 'Faculty .■ of 
Science of the 'University of, Allahabad, he was ' able,' to exert' , a, 
very considerable and , be'iieficial . -.influence on , e.ducation ■,■, ,in the- 
.province^.' ' .He was, a, good disciplinarian, 'commanding respect tVom 
■his pupils, whilst at the same 'thhe .he was - on. .excellent, terms ' with,' 
them .and, with , liis 'sta-E..,'' 'He ..was '..'a' .good 'cricketer and . 'a keen.', 
'Sportsman; . these 'are ."very , ■'Valuable ..■ qualifications;, .for- .■'.anyone' 
.' resp.onsible ' for college. education-' .in -India; ' ■. 

„ ,'In,"'1910 ' and,, .',19,11. , he 'rende'red. .walua'b.le ,'■ services, ■' in','",'cqnnex.io'n',' 
with the educational section of the Allahabad Exhibition. 

HilFs original work in' chemistry was directed partly to a study 
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of Indian ]3roducts and partly tO' purely scientific problems of 
pliysical dieniistry. His interest in tlie latter is probably tO' be 
traced to Oxford, where he returned to work during one of liis 
fiirioiighs. The research work started at this tiirie secured for 
him the Sc.D. degree of Dublin University. A paper on ‘‘‘The 
Hydrolysis of Ammonium Salts by Water (T., 1906, 89, 1273), 
and another jointly with Dr, A. P. Sirkar on “The Electrical 
Conductivity and Density of Bolutioiis ' of Hydrogen Fluoride” 
(FrO'C. Eoi/. Soc., 1909, [A], 83, 130), indicate the trend of his 
work in this field. 

The first Indian product to attract liis attention was the salty 
and alkaline earth which extends over considerable tracts in 
iSrortlierii India. In 1903 he published a note (P., 1903, 19, 58) 
on the analysis of the salts contained in this soil. Afterwards he 
turned liis attention to organic products,, and published papers on 
“The coloured constituents of Butea frondoscF^ (P., 1903, 19, 
133), “A new colouring matter from Nyata7ithes A7'‘hor-trktis'' 
(T., 1907, 91, 1501), and “The root hark of Galotrofis giganUa'^ 
(T., 1915, 107, 1437) — the last two papers being written conjointly 
ivith Dr. A. P. Sirkar. The colouring matter from Nyctanthe^ 
Arhor-trktis was obtained in crystalline condition, assigned the 
formula Cl 2 t)H 2 e, 03 ’ 0 H, .and named ngctcmthin. ■ It. was suhse- 
queiitl}’'. found by A. G. Perkin in Cedrela toona (T., 1912, 101, 
1538). From the milky latex which exudes from the broken roots 
of Gala fmpk gigmiteciy Hill and Sirkar succeeded in isolating two 
crystalline ' substances, melting at ' 140° ' and 210° respectively. 
These were shown to be the '7 s’g valerates of two alcoholic substances, 
umdard, and akundarolA .C.^sHeiO-OH. These 

alcohols were shown to give' colour reactions, very similar t;o those 
of ' cholesterol and phytosterol p. on -oxidation, they gave inudaric 
and akundaric acids respective-ly. In- a-ddition t-o these, the latex 
was also found to contain ‘an oily s'libstance, a hard, resinous; "sub- 
stance,, and a, trace of alkaloid.. 

.In addition to- his work as . chemist.' and ' educationist, Hill ,was' 
for .some-' time .Meteorological Eeporter to ' the Gov-ernment. He 
..also ' took -a ' considerable ' part, in -the general life of - the City- of 
.xillahabad. ' ' He was an enthusiastic- cricketer. 'a,nd .rider' in qiaper- " 
.;clias,'es,' and '-was, very popular with the- .other 'Europeans .in, the 
'station. ; For., some time he was -a member of -the Municipal -’Board', 
■where; 'his '.presence was .w.elcomed ' by,, the, educated Indians, ' who '- 
', -appreciated' his business capacities., "■ H. B. Watson. ' 
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GEOEGE THOMAS HOLLOWAY. 

Boiu^- OcTOBEit 19™, 1863; Died Octobee 24th_, 1917. 

Geoege Thomas Holloway, who died on October 24th, 1917, was 
born at Battersea on October 19th, 1863, and after being educated 
privately, entered the Eoyal College of Science and School of 
Mines, London, in 1881. Here lie devoted special attention to 
chemistry, and obtained the Associateship of the Royal College of 
Science in 1884. He then served for two years as assistant demon- 
strator, originally under Sir Edward Erankland, and later under 
Sir T. E. Thorpe. He was elected a Fellow of the Chemical Society 
on March 4th, 1886. He afterwards proceeded to Hewfoundiand, 
and studied the resources of that colony, and also of the east of 
Canada. Returning to London, he commenced practice in 
Chancery Lane, in 1888, as analyst, assayer, and consulting 
metallurgist. The following year he opened testing works at 
Limeliouse for the examination of .ores on a commercial scale. In 
1910 his offices and laboratories were removed to 13 Emmett Street, 
Limeliouse, He specialised in the treatment of tin ores and the 
rarer metals associated therewith. He was consulted by Govern- 
ment departnieiits and many mining companies. Among other 
work, reference may be made to inquiries, conducted for the Trans- 
vaal Chamber of Mines, in connexion with osmiridiuni occurring 
in banket ore, and the development of a zinc smelting industry in 
South Africa. In 1915 he was appointed Chairman of the Royal 
Ontario Nickel Commission, and to this work the remainder of his 
life was chiefly devoted.. Despite an enfeebled , frame and ' the 
dangers from submarines,' he twice visited Canada iii' connexion 
with this inquiry;' he also visited Scaiid'in avia, .and interviewed, or 
corresponded with, alL the chief makers and users of nickel "in, the 
United Iviiigdom; The report, which was' issued • shortly ' .before' 
Mr. .Holloway’s death, occupies ■ more, than 800.: pages,' and; is the 
most .'complete, and trustworthy ■■document' which lias ,appeare'd..in 
.reference, to the supplies, ,. extraction, , and .uses' 'of' nickel. . As. ''a,' 
result, of ' this report, a large .nickel '■ refining plant, has .been estab-".. 
■'lished" on 'Lake Erie, .-at. 'Port Co.lborne .in,' Ontario.: This u'eSnery 
... will' deal' with ,S'U'dbury,.,,an,d 'other.; nickel-copper, mattes which were 
formerly ' refined'^ 'at ' New .Jersey.,'.. IJ.S.A.,: Mr.:,,. Holloway w.as ' for. . 
years', a, frequent ,atte,ndant'' at' the ■'meetings mf the Chemical Society, 
''^nnd'.was'-'iuterested '.in the' Institute '.'.of. 'Ghemk^^^ for which body 
he , a,ct6d', as :.examin'er"''i.n „:meta'llurgy. 'He;' was an ' enthusiastic, sup-, 
porter of the Institute of Metals; but perhaps his fullest sympathy 
.'W'aslwith'.,' the:' 'InsHtutio,n:' of . ^Mining 
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of wilicii lie served for many 'years, and iilled tlie office of vice- 
president. He was a member of tlie London section of tlie Society 
of Clieiiiical Industry, and a not uii frequent contributor to tlie 
journal of tliat society. Among other appointments, lie bad served 
as examiner in metallurgy in the University of Biriiiiiigiiani, 
assistant examiner to tlie Board of -■Education, and juror in the 
Franco-Britisli Exliibition of 1900. His clearness of intellect, 
kindliness of inanner, unassuming character, and perfect honesty 
of disposition endeared him to a wide circle of friends, not only 
in this coiiiitiy, but throughout the British Empire. He was an 
lioii'Orary ineiiiber of the Chemical, Metallurgical, and Mining 
Society of South Africa, and acted as corresponding member for 
the United Kingdom. With a few w-ords taken from the Journal 
of the South African Society this short notice may suitably close : 
‘fit may be littingiy said of him that men of his high character and 
conduct do iiitich to raise the status of the profession of wliich he 
was so distiiigiiislied a representative.’^ T. T. 


EDMUND ALBERT LETTS. 

Born August 27th, 1852; Died Februakv 19th, 1918. 

Edmund Albert Letts was horn at Sydenham, Kent. His fathei:‘f 
in addition to Clare Lodge in Syd-eiiham, owned South View, in 
the^ ,lsle of '■ Wight, and there Letts appears to have spent ■ the 
happiest part of his boyhood, for in later years be O'fteii spoke of 
the place with affection. 

His education began -at Bishop Stortford School, and was uion- 
tiiiued at .King’s College, London, after which' he studied at the 
'Uiiiversities,, of Vienna and Berlin. ■ ■ ' ' 

, III' 1872 he .became chief assistant tO' Cruni: Brown in the Chemical 
'Department of Edinburg'h University. ■ Four years later, at the 
.'.early age of twenty-four, . he was appointed .first professor . of chem- 
istry in University Colleg’e,, Bristol, ,a post in which he was followed 
by Eamsay. In,' 1879 .he’, was ekoted to' succeed Andrews, iii' the 
: chair of' chemistry iii' Queen’s , .College,:' Belfast, and, this position 
(subs.eq lien tly, .changed". t'O a professorship in the Queen’s University 
■,','Of..''B''eIfast) .he' held until 1917, .After his "retirement, "he .spent 
'■ ..part " G'f, his 4'ime; inAhe 'south' of, England,. , and, in. January, 1918'/ 
he left Belfast, 'on a "visit 'to .Ventnor.'. ' He was a' k©en.,'cyclist,„ ,'a.nd 
took his bicycle with him,;' spending his .time riding ■,■ about" ‘the 
neighbourhood in'.' which .'-.."b’e'’ "wa'S' staying. ' .'Ou', the ,, eveuing of 
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February 18tii lie was out by iiiooriliglit, and, wliile coming clown 
Zig‘"Zag’ Hoad about 7.30 pan., he lost control of his niacMiie and 
crashed iiitO' a wall. He never fully recovered conseioiisiiess, and. 
died the following morning about 10 a.m. 

liis scientific' work falls into three main divisions. Up to 1890, 
iiis main interest lay among the organic compounds of pliosplioriis 
and sulphur, and his investigations in this field gained him the 
.Keith Prize, which was awarded to him in the period 1887 — 1889 
by the Royal Society of Ediiihurgh. Thereafter lie carried out 
researches on atmospheric carbon dioxide until 1902. His final 
work was concentrated on the sewage problem, and the results are 
to be found in Appendix VI. of the 5th Report of the Royal Coiii- 
inissioii on Sewage Disposal, and also in Appendix III. to the 
7th Report of the same body, the work being done in conjunction 
with Dr. Adeiiey and Mr. E. H. Richards. 

To' speak of Letts’s personal side is a difficult task for one who 
only knew him towards the end of his life; but one characteristic 
stands out above all others — his unfailing kindness to a new and 
younger calleague. He had complete trust in his staff and showed 
an unfeigned pleasure in the research output of the laboratory, 
whether it was his own or was carried out by others, for he had 
not- a spark of that Jealousy which at times induces a senior to 
appropriate the work of a Junior colleague. In the distribution 
of research students among the members of the staff he was more 
than generous, and his colleagues never had to fear that a student 
trained by them would be appropriated by Letts as soon as merit 
was shown. This was not due to indifference, for in his own 
research room lie carried on a steady stream of investigatioiis.' 

•In his personal characteristics, Letts was on© of that rare species, 
I'a fm© old English gentleman.'' His, reserve, his innate dignity, 
his impressive presence, 'and his command of polished ' oratory all 
.'.stood, him in good .'stead in the-' lecture theatre , of a -university 
where the students are .noted for, their high, spirits;, and '.the same 
qualities' were valuab.le- to him in. other academ,ic .relations, for, -he' 
'was' -one. of, -the, leading 'figures on -the staff. ,-- 
-' As a chemist, he .had 'a tenacity' of .purpose-: so strong- that, once 
he had b-e'gim an investigation he'- ■ would. 'never leave it -until, he, 
'' 'w4s ' sure- that he had ' carried^ 'it ■as,."far as he could..- ,- '^'.S.o-and-sO' 
'-- used,, to,' tell me t-o- drop it,".' he, sometimes- said, but I .-'always," find; 

' "-that something comes^ out if: one holds- on- long ' en-oiigh." , He : w'as; 
■".'■...a-'neat-'ina'iiipulator and ;a-n;- -,'e'xpert"'glass-’blower.' 

-His' oiitl'O'Ok 'on, chemistry, -was a wide one, and his interests tended 
v,tO'Wards:-wha-t he- called ■■■*■' the -philo-sophy of chemistry." His book, 
^‘Soine Fundamental Problems of Chemistry, Old and New,” 
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showed that lie was alive to the most recent developments of tlie 
subject,' an d, by its originality in the choice of subjects, it stands 
apart from the ordinary run of text-books. 

He was a Fellow of the Eoyal Society of Edinburgh and of the 
Institute of Chemistry. In 1881, the Royal ‘[Iniversity of Ireland 
conferred on him, Iio7ioris causa, the degree of D.Sc., and in 1909, 
wlieii the Q'lieeii^s University of Belfast was founded, lie was one 
of the first members of Senate appointed. A. W. S. 


PETER MacEWAH. 

Bo'rn May 29th, 1856; Died May 16th, 1917. 

Pe'Tee MacEwax, of Highgate^, London, who %vas elected a Fellow 
of the Chemical Society in 1886, was born at Lochee, Forfarshire, 
on May 29th, 1856. He was educated locally, and was apprenticed' 
to pharmacy with Mr. John Peebles (now- Judge Peebles, of -Kirk- 
caldy), and afterwards became an assistant in liis uncle's business 
at Dundee- His instruction in chemistry was obtained under Mr.' 
Frank Young at the Dundee Science Schools, now the Technical 
College. He passed the -qualifying examination of the Pharma- 
ceutical Societ}^ in 1878 and became a pharniaceiitical chemist in 
1880, acting for a short time as a pharmaceutical tutor. An 
analytical chart for chemistry students which he devised received' 
a wide recognition for utility. ■ In 1882 he was appointed Secretary 
in Scotland of the Pharmaceutical Society, took charge of the -North 
British branch in Edinburgh, and made- all arraiigeme-iit-s . for the 
r-em-ovaL to the present premises. A good deal of his. time was^ 
spent in chemical research work during his tenure of office, one of 
the .first pieces of work being on 'the iodo-allyl compounds. He was 
'"-led to take this up by receiving, a sample of liniment of iodine 
which had, caused , severe blistering -when applied to- the skin. An 
..investigation showed that the liniment had been compounded with 
.methylated ' spirit, and he .found that.'allyl alcohol present in t-lie 

wnod-- spirit , .used for- ' denaturing "purposes had fo-rmed .an ioclo- 

.alIyl,cdinpoimd,,of-’a pa.rticularly irritating nature. Refe-rriiig' to 
..thiS ' research, he was fond- of recalling how, his ' eyes streaming 
with 'tears, .he, -received ^dsitors to the Pharmaceutical Society's 
Museum',- and'' it was sometimes' assumed' that he was suffering from 
■great , grief '\iiist-ead' of. from. - ..his -devotion to science. ' The unstable ', 
character .ol^ sweet spirit of nitre -and the changes'- that take, place • 
on ■keeping)-:|ittracte:d^ his: 'attention ^ ...H6--fou-nd -,'that- the .''d,iur'etie-:-': 
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properties of this old galenical were not due entirely to ethyl 
nitritOj because old specimens from which ethyl nitrite had dis- 
appeared still retained considerable medicinal activity. He 
simplified the process of estimating the strength of the spirit, and 
when the late A. H. Allen, of Sheffield, devised the nitrometer, it 
became possible for the pharmacist to estimate the strength of 
sweet spirit of nitre within five minutes. Mr. MacEwan also 
directed attention to the large proportion of sodium carbonate, 
from 20 to 35 per cent., present in some samples of sodium nitrite, 
and showed that there should be no difficulty in obtaining a pro- 
duct containing 98 per cent, of sodium nitrite if lead or copper 
were employed as deoxidising agents for the nitrate. >Several of 
his papers dealt with essential oils, particularly camphor oil and 
eucalyptus oil, these being at. that time recent introductions into 
medicine. In after years, Mr. MacEwan often, regretted that his 
work on camphor oil was not completed, but he had succeeded by 
distillation, in separating out several of the constituents of this 
complex substance. The chemistry of Calabar bean and the pre- 
paration of solution of bismuth ammonio-citrate were other 
investigations which he undertook, and he substantially eiiliaiiced 
the interest and value of the scientific meetings of the North 
British' branch of the Pharmaceutical Society. The allocation of 
a .portion , of the Hanbury collection of Cfiiiiiese drugs ' to "'the- 
museum caused Mr. MacEwan to take up tlie study of Chinese, 
and he obtained sufficient acquaintance with that difficult language 
to enable him to make translations of the labels and classify the 
drugs intelligently. In 1885 lie was appointed assistant editor of 
/rhe Chemist and Druggist^ having, attracted the attention of the 
editor by a clever and laborious codification of the chief pharma- 
copoeias o.! the world, which he carried out with the object of form-' 
ing a, basis for an international.' pharmacopcEia. .. On the retire- 
ment of Mr. A. C, . Wootton.. in '■ 1899, he succeeded to the editor- 
ship/and from that time specialised-, in the, various legal . enact- 
ments dealing with the drug trade; for example, the Medicine 
■Stamp Acts,' the poisons laws-, the .Sale of. Eoocl and. Drugs 'A-cts', 
and .the spirit laws, while keep-ing a.lways'. in '.close ..touch with, the 
late.st .developme.nts in chemical and '.pharmaceutical science. .lie 
.contributed, , a number of. papers-' -'on'' ethical subjects, to ■ various 
pharmaceutical bodies'. .' .He .'visited ■ America in '-ISO'S,' and made', 
many friends among .American.. men ..-of science. In 1909', he, went 
to Germany for .the, ...International"' Congress , of , Pharmacy, .where, 
.in'' collaboration., with- Mr.. G. .P., ,. Forrester.,,. F..C.S, .(who -.has '.'b.e.em 
interned , in Germany . since --the', outbreak' of war), he contributed a 
paper on, ' the' ■ sta,ndardisation..of : ,'pO:te-nt..'.'medici,nal' '■.prepa'rations.: '. , . He 
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was a irieinber of tlie Society of Chemical Industry, a correspoiiding 
iiieniher of the Societe de Pharmacie, Paris, Secretary of the Com- 
mission on Yariation in Activity of Potent Drugs (set up by the 
International Congress of Applied Chemistry in 1909), and con- 
iieeted with most of the drug trade organisations of this country. 
Mr. MacEwan was the author of The Art of Dispensiiigy’’' which 
is the standard work in the English langnage ' on the dispensing of 
medicines, and of ^‘Pharmaceutical Pormulas,” a recent book for 
chemists and druggists, of which works many thousand copies have 
been sold. Of his personal character much could be written, but 
the outstanding features were his kindness, geniality, pawky ” 
humour, and indefatigable industry. The strong love of his native 
country wdiicli he had was shown by his yearly visits to the High- 
lands and his connexion with such bodies as the Scottish Corpora- 
tion, the Caledonian Society, and the London Forfarshire Associa- 
tion. His end came with great suddenness from an attack of 
apoplexy, although during the previous winter he had had a severe 
illness, which acted as a warning. ' Thus he laid down the well- 
worn tools without a sigh in the plenitude of his powers and 
with his faculties unimpaired, bequeathing to his friends a lofty 
ideal and an inspiring example. ■ . ■ S, ' W. W. 


LUDWIG MOND. 

Born March 7th, 1839; Died December 11th, 1909. 

Liinwic Mond was born at Cassel on. March 7th.., .1839. His father, 
Moritz B, Mond, was a 'merchant of that city. His ' mother's' 
maiden name was He,iiriette Levinsohn. 

Mond .was educated' at the Bealschule and the. Polytechnic School 
at . Cassel, and then went, 'in ■■ 1855, .to study .chemistry under 
il.erniami Kolbe 'at Marburg. ' 

In. the following year, 1856, -.he .proceeded., to Heidelberg, .and 
so, .having followed the great teacher' through twO' institutions, 
still marked by his influence, he came under the actual control of 
Robert Wilhelm,' Bunsen. From him, during , a three years' course, 
Mond, undoubtedly acquired ■ that absorbing love of pure' chemical 
science that, was so characteristic of him in after life. 

, .' His' intro'duotion to industrial activity took place at a small 
Leblanc'' soda works bat ' Ringenkuhl, . near Cassel. ' Here, the'' coii- 
tiiiua.l waste of ' sulphur "speedily ."attracted his attention, .and, he. 
began in'.'lS'SO. those' .researches which .ultimately, led to the' inveii- 
''tion.:''','of.','Ms';' well-knowh^^r^^^ processes. ■ 
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lie', left Riiigeiikiilil lo }.)ecome manager of. a factory at Mainz 
for prodiiciiig acetic acid by the distillation of wood, and from 
there went to Cologne to engage in the manufacture of ainiiionia 
from waste organic matter, especially leather. 

After spending 'Some time in one or two other factories, both in 
G-eriiiany and Holland, he came to England in September, 1862. 

Moiid'^s e/xperience at Ringenkuhl led to his patenting a process 
for the recovery of sulphur from Leblanc alkali waste by atmo- 
spheric oxidation, lixiviation, and subsequent separation of sulphur 
by treatment of the liquors with hydrochloric acid. This process 
was patented in France in December, 1861, and in England in 
August, 1862. 

Entering the works of John Hutchinson and Co. at Widnes in 
order to demonstrate the working of his process, and if possible 
to sell his patent, Moiid speedily found that it was not entirely 
adapted for large-scale operations, where the cost of labour was an 
important consideration, and he patented an improvement on 
September 8tli, 1863/*' This consisted of carrying out the oxida- 
tion in the “black-ash'' lixiviating vats by blowing air through 
the waste and repeating the operation after one or t'wo washings 
with water. Subsequently, Mond introduced the use of waste 
liquor from chlorine stills in place of fresh hydrochloric acid for 
the decomposition of the soluble: sulphur eompoinids, with the 
separation of free sulphur. 

In 1864 he undertook the construction and inaiiagement of a 
Leblanc soda works at Utrecht, and remained there for three 
years. 

Shortly before his return to Widnes, in 1867, he married his 
cousin, Frida Lowenthal, daughter of Adolf Lowenthal, who was 
one of the pioneers of German electro-plating and electro-chemical 
industry. Lifelong familiarity. ■ with scientific' problems , emine'iitly 
fitted Mrs. Mond to be the .companion of., such,, a man., as her 
husband, and to the end of his life- she never failed, to take the, 
.most intense interest in all, his- work.;. 

-.When M-O'iid ■ returned to England,' ■ and became a 'naturalised' 

■* On the manufacture of sulphm* fro,m alkali waste in ' Great ,' .Britain,*'* 
by .Ludwig. Mond : — -Read' before the British' 'Association . at Norwich, ''1868. 
O/ieTO. A'ew, October 2nd, ,1868 , 

.*V,On:, the 'recovery of 'sulphur'' from' '-alkali waste,”^ by,' ,' Ludwig ' Mond; 
'■Pamphlet published by W. B*' Jones &'■ -Co.',,-. 'South Castle', Street,. Liverpool,'. '■',, 

' .®‘' On', the probable;-eff©ot of' the- general '.adoption in 0reat'„.Brita'in of Mondls 
proce'ss' -fo',? the . Recovery of ' Sulphxxr , from -...Alkali ;■ waste', .from-:'- a, -.mercantile 
point of view,” l>cing a paper communicated to the River Pollution Com- 
missioners at their request by Ludwig Mond-^O. G. Walmsley, 50, Lord. 
'.S'tre6t,'.''Liverpoob::;i870,-',-'l--;^^^^^ 1' -’ll;:' 
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Biitisli subject, lie rejoined Messrs, Hutcliinsoii, perfected liis 
siilpliiir recO'Very in tlieir works, and introduced it tn many otiiers. 
This and the Scliaffner process continued to l 3 e worked until they 
Avere displaced by the Chance process.’^ 

Ill' 1872 Mond made the, acquaintance of Ernest Solvayf a 
Belgian ' chemist, who was interested' in the process of making 
carbonate of soda invented by Harrison Gray Byar and John 
Hemming in 1838. f SolvaAq in association with his brother 
Alfred, had built and was running' a small factoiy at Couillet, 
near to Charleroi. They ivere not by any means the first who had 
endeavoured to convert the simple reaction of Byar and Hemniing 
into a manufacturing process, nor was their e^xperience of difficulties 
dissimilar' from that of their predecessors either on the technical 
or the' financial side; but, by the application of scientific skill, the 
exercise of boundless patience and tireless application to work, 
they were beginning to surmount one obstacle after another. 

While at Messrs. Hutchinsons^ works at Widiies in 1862, Mond 
had become the friend of Mr. (noAv the Rt. Hon. Sir) John Tomlin- 
son Brunner, Avho Avas in the commercial department of that firm, 
and when a study of Solvay's works convinced Mond that there 
were chances of a brilliant future for an aiiimoiiia-soda process, 
he entered into partnership with Brunner and obtained a licence 
to work Solvay’s process in England. J 

With some difficulty they obtained sufficient capital to enable 
them, in 1872, to purchase the Winnington Park Estate, North- 
wich, from Lord Stanley of Alderley, and to erect small works 
thereon. Whereas the Leblanc process starts with , solid salt, ' the 
amin.oiiia-'Soda process requires 'salt in .solution, and.,, so a Cheshire 
site A¥as selected for the works, -because saturated brine ' was readily 
obtainable in the immediate neighbourhood. 

With the starting of 'the Avorks in .1873 there commenced, a' 
pe.riod of trouble that lasted for six or seven years. Although the' 
reactions-. : NaCl + NH. + CO., + IHO = NaHCO^j'-h. 'NH^Cl , and 
2 H,H 4 CI -f CaO = . 2 NH 3 -f GaCL“}- Ho'O ' take , place, most' readily ' as 
discovered by Byar and Hemming, the . process ,- becomes more com- 
plicated, -Avhen the' raw materials 'are impure, when all : operations 
■have.' to be carried out in -closed vessels to , avoid , loss of ■ ammonia, 
',and when ■ 'the ' apparatus- itse-lf ' is -, apt', to be destroyed by . the 
corrosive ;■ action -of.' some ,of the. reagents.. The problem of convert- 

-. ,' Cf. Lunge, *-* .S'ulphui’ic Acid' and. Alkali, ” 2nd edit., 2, 827~-85L ■ 

.'f.' Byar and .Hemming," E.P., 7713 ''of 1838 : Improvements' in" the maiiu-,' 
facture o'f carbonate of soda.- . 

,.E.P.'.,,. -Sl'Sl of J.863, E. Solvay— Apparatus, by means of Arbich .tlie f omia- 
tibti- of carbonate,-, -of.- .soda by.'.., direct combination is," rendered,- ,- .,praeti.cally. 
available for manufacturing - purposes. 
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iiig an interesting clieinical experiment into a lucrative comiiierGial 
process liad baffled all tlie earlier maimfactiirers, and altliongli 
Solva}? liad achieved quite an appreciable measure of success, the 
gigcintic task of evolving an economical coiitiniioiis process carried 
on in scientifically designed apparatus was reserved for Mond. 

No man was better fitted for the undertaking. Endowed with 
a quick and fertile brain, lie readily grasped the reasons w^lij 
troubles arose*, and his thorough training in pure^ science enabled 
him to guard against their recurrence. A tireless worker himself, 
he had no patience with those -whose energies ^vere not sustained. 
Although his house was wdthin one hundred yards of the works, 
lie frequently spent Jiis nights in the factory, taking such rest as 
he could secure on a bed arranged in the foremane office in the 
midst of the plant. Gifted with powerful determination, he could 
never contemplate his own failure, and had little sympathy for 
such as admitted theirs. 

A friend was one© asking him not to be too hard on a man who 
had failed to achieve a successful result in a task which had been 
allotted to him, and urged that the man had done his best, when 
Moiid said: ‘‘Heaven help the man who does his best and fails; 
there is no other hope, and I have no use for him.’’ 

By living in tlie midst of his work, in those early days, Mond 
set a wonderful example to* his assistants and men. His methods 
of manufacture w^ere absolutely scientific; there was no ‘‘rule of 
thumb ” practice. Appearance, taste, and smell did not satisfy 
him; he took xiothiiig for granted. 

One characteristic example is perhaps worth quoting, because 
it is so typical of his method of teaching in a manner not easily 
forgotten. Three of his assistants once reported to him that a 
■certain boiler employed for heating brine was constantly getting 
stopped „ up with sand; ■ Mond: ■ expressed surprise, and acconi" 
]>anied the three to view it. He Avas shown the sand, and listened 
for a short time to the various theories propounded of how it came 
from the brine ,■ shaft. He suddenly- Aurned to one and ;said;; 
“'Bring me some .hydrochloric acid.’' .When .provided .with' this,', 
he poured it over the .“sand,’’ and, -this, promptly dissolved, .with' 

. 'free , evolution of carbon dio-xide. ■ ' Turning to , the a-ssistants, 'he, 
" said :, ■ “'Now where- is. your sand ? YoU' are ,a' nice lot of "chemists,”^ 

For,: 'se^ven' arduous /.-years, Mond'' struggled' ;with '.the. "pro'blems 
,:'which 'the- process, presehted,; ’but 'gradually, by successive .'inven-,. 
'.tions-,' .'he,- so.,tra,nsform'ed'..th©. .metho.ds .of , manufact-iire '*.that by .the 
,",year..''.l'88'0"he was' able to claim, that'- the 'a'm'mo'iiia-sodfr-.procesg/'' was,' 
,, a':eQinmerGia'l '.success. '' 

Brunner, Mond and Company were not without competitors in 
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working tlie Solvay process in England, for, in 1874, Messrs. 
Richards, Keariie, and Gascoigne had started works at Saiidbach 
ill Cheshire, under licence from Solvay, Their venture, however, 
was not successful, and the works were sold to Brunner, Moiid 
and C>oiiipaiiy in 1878. 

Ill 1881 the undertaking was converted into a limited ' company 
with ^600,000 capital, and works at Winiiington and Saiidbach. 
Briiiiiier and Moiid became managing directors. To-day the' 
iioininal capital stands at £10,000,000, and the company owns six 
factories and has controlling or other interests in several more. 

In his endeavour to produce soda more economically by the 
ammonia process than it could be manufactured by that of Leblanc, 
Mond was naturally anxious to obtain cheap ammonia. We have 
seen that, in 1861, he was engaged in the production of ammonia 
from waste material of animal origin, and he stated that he then 
observed that the yield hy no means corresponded with the 
nitrogen in the ra-w material. 

In 1879 he determined to make a complete study of the problem 
of how to manufacture ammonia cheaply.'*' With the object of 
testing the value of already known processes for obtaining ammonia 
from the nitrogen of the air, he engaged Mr. Joseph Ilawliczek 
to' cany out the ' experimental wvork. All the processes investi- 
gated gave unsatisfactory results, with the exceptiO'ii of one, and 
that xvas the barium cyanide process invented by Margueritte 
and Soiirdeval, This consists in heating a mixture of barium 
carbonate with carbon in the presence of nitrogen, and then treat- 
ing ; the resulting barium cyanide. ■ with steam, ■ thus producing 
ammonia and regenerating the barium., carbonate. 

The' experiments proved, so promising, that,. Mond desig.ned 
.apparatus for carrying out the manufacture on. a fairly large scale. 
The formation of cyanides by this method, however, requires a 
temperature of from 1200^ to 1400^, and Mond ultimately found 
that,, his special clay retorts., would' not la,st. in this great heat, and 
he was. compelled reluctantly to abandon .the process. . .Among the, 
tested ' processes for, obtaining, ammonia 'from the ■ nitrO'gen ' of the 
air" was one patented by Rickman aii'd, 'Thompson, who claimed 
that by passing,, air and -steam, through .a ''deep coal fire the- nitrogen 
is '.to,' a, certain extent converted' 'into ammonia., Mond, found 'that 
it 'Certainly - yielded a' considei^able.'' quantity of ammonia, but .he 
d.iscO'vered /.that, , if the 'same',' co.al were burned in an externally’ 
.lieat-ed tube- in, a current' of ste-am '.alone, ' it .gave double the amount. 
'.-He' made, large 'scale, experim,'ents' in this' -direction, but came to^the 

*** Presidential Address'" .to the-.Socie'ty of .-CJiemicnd, .Indiist'fy.,' 

Ludwig Mond. 'I' ''',',''' 
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conclusion tiiat:, altlioiigii the yield of aninionia was large, the 
process could never be ecoiiomicaL , He saw, however, that if coal 
could be biirnecl in gas producers by a mixture of air and steam, 
the plant could be simple, and the gas obtained could be utilised 
ill the same way as ordinary producer gas. 

He therefore constructed gas producers and aiiiinoiiia-absorbiiig 
plant at Winnington, and experimented with different classes of 
fuels for a number of years. These showed that the yield of 
ammonia varied inversely with the temperature at which the pro- 
ducer was wmiked, and that the temperature could be controlled 
by regulating the amount of steam admitted with the blast; the 
lower the temperature, the higher "was the yield of ammonia. 
Considering the cost of- steam, he found that the best practical 
results -were obtained by introducing about two tons of steam for 
every ton of fuel gasified. .He succeeded in converting oiie-liaif 
of the nitrogen existing in the fuel ' into ammonia, getting about 
8 kilos, of ammonia per ton gasified. The gas obtained (now 
known as '' Mond gas contained about 15 per cent, of carbon 
dioxide, 10 per cent, of carbon monoxide, 23 per cent, of hydrogen, 
3 per cent, of ethylene, and 49 per cent, of nitrogen. This was 
used for heating furnaces and working gas engines, and proved so 
satisfactory that a large plant was installed at Winnington, 

Having now satisfied himself that his process could yield a cheap 
gas suitable for almost every manufacturing operation, Mond 
sought to extend its use throughout the world. He formed the 
Bower Gas Corporation to grant licences under his patents, to act 
as technical advisers to, and erect plants for such manufacturers 
as desired ' to employ the. gas. ■ 

Mond’s statement that his gas could be generally employed in 
maniifacture met with strong criticism from iron makers, who said 
; that, .on account of its. low calorific power, it could never be used 
for making steel. 

With. ' characteristic energy, 'Mond immediately built a Biemens 
s.teel ■ furnace ' at Winnington and made steel there for .some' weeks, 
inviting the steel makers' to come and - see" it. ■ 

.. Becognisiiig. that the gas was'-''em.mently .. suitable ...for. email 
.furnace and foundry work, a.nd'that.it ensured smokeless ..'co.mbiis- 
'.'tion, Mond was instrumental -in' founding the South Stafford Mond.. 
" GaS' ' .Company in . the heart ■ of .the .'Black . 'Goiintry, at ' Tipton, ''near 
Dudley Port, '.Here, '.fuel is 'gasifi-ed in 'Mond. producers, a'lid,:. a'fter'' 
purification, the 'gas ■■ iS' ' compressed- and delivered into mi 'ains 
convey it to consumers in about 160 works. 

Mond'' .'Stated; -in,' ''-.his ... Bresidential 'Address' ' to ''''The Society of 
. 'Chemical Industry in 1889 that-- if " one-tenth of the 150 millions 
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of tons of fuel ainiiially consumed in England were treated by lih 
process, tlie production of siilpliate of ammonia ' would ' be large, 
eiioiigii to -enable us to supply tbe whole of the Old World, and 
would render us independent of the New for supplies of nitrate 
of soda for fertilising purposes. He spoke, of course, in ignorance 
of the eiiornious consumption of nitrates which a modern war would 
involve, but when we, with our later knowledge, recognise the 
readiness with which an “Ost-wald'"’ process can convert ammonia 
into nitric acid, we can confidently depend upon a moderate 

development of his process rendering England independent of 
Chile. , 

English 'Mond gas producer wmrks in operation are using 
bitiiininoiis coal, but the Italian installations at Lucca and 

Orentaiio are working with lignite. The process has also been 
applied to the gasification of peat. 

In his aiisiety to obtain cheap ammonia for the ammonia-soda 
process, Mond's attention was attracted to by-product coke oveii,s, 
and, as the soda process requires coke for its limestone biiriiiiig, 
Brunner, Mond and Company erected the first English installa- 
tion of Semet-Solvaj ovens. . . ■ ' 

111 1884, Mond made London Iiis regular place of ■ residence in 
order to live in close association with scientific societies. He first 
resided in' Park Crescent, but later acquired The Poplars, 

20, Avenue Road,. Regent’s Park. This house formed his head- 

: quarters all the rest of his life; there he started a laborator}- for 
his research ivork, and made his house a centre for scientific and 
artistic friends. In order to' escape the rigours of the English 
climate, he spent most of his winters in Rome, at his house, the 
Palazzo- Zuccari., 

, One of the first', inventions emanating from - the ■ new laboratory 
•was a gas battery (Proc, Roy. Soc., 1888, 46, 296). - '.Mond obtained 
the assistance of 'Dr. Carl Danger, and attempted ■ to, discover 
whether it was possible for a gas so rich in, hydrogen as' Mo-nd gas 
tO‘ be as directly converted into electricity as pure hydrogen f. 
Starting with the construction of the .cell" described , by Lord Jiistiele 
CrO'Ve in 1839, and working .with pure hydrogen, they found thall-* 
its' ,ope;ratioii w&s, so tard}^- that 'they were,' led to-, seek for m^'ie 
'suitable electro'cles. ',. / 

Afte-r a long series of experiments, they 'evolved, a: cell i^hicli, 
consisted of a number of ' elements. - The- strips of , platinum foil 
as used, by Grov-e, , partly immersed 'in dilute sulphuric acid, 
place' to porO'Us diaphrag-ms of inert material, such,, as plaster of 
Paris, , impregnated with acid, and these .were, ,cove'red onfeach 
side- with very ,fi,iie -platinum "-leaf pe.rf orated with num-.erou 9 ['small 
holes and covered with .a ,thin film 'of platinum black, ,It became 
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practically b. dry battery. A number of these elements are placed 
.side by side -witli non-conducting frames between to form chambers, 
so that hydrogen can be passed along one side of the element while 
the other side is exposed to air. ■ 

Mond and Langer found that a battery consisting of seven 
elements, with a total elective surface of half a square metre, 
contained 2*5 grams of platinum leaf and 7 grams of platinum 
black, and gave a current of 2 amperes and 5 volts or 10 watts, 
equal to nearly 50 per cent, of the total energy obtainable from 
the hydrogen absorbed. Having so constructed an efficient battery, 
they next proceeded to employ producer gas in lieu of hydrogen 
alone. The}^ discovered that unless the gas were deprived of its 
carbon monoxide and hydrocarbons prior to use, the efficiency of 
the platiniina black rapidly disappeared. In seeking for a cheap 
method of removing these gases at the temperature of gases leaving 
the producer, they discovered that if such gases were passed with 
the steam which they contained over finely divided metallic nickel 
or cobalt, the carbon monoxide was converted into carbon dioxide 
a^d carbon, whilst the hydrocarbons yielded carbon and hydrogen. 
-They found that when the producer gas was thus purified and 
"" enriched in hydrogen it yielded good results with the battery; 

. bdt, mifortunately, the life- of -the' battery itself proved of short 
duration. 

In connexion with the work on the gas battery, Mond under- 
took a researcli in company wdth Sir William Ramsay and Dr. 
John Shields on the occlusion of oxygen and hydrogen by platiiixim 
and palladiiiiii {Froc. Foy. Soc,, 1894,.- 58; FMl. Trans., 

190; 1898, 191). 

Pressure of other important work unfortunately prevented Mond 
from solving the problem' of how 'to- construct a battery to. endow, 
it with a lo.ng. life. 

By 1886 the ammonia-soda process. had developed to such an 
extent that it had become a serious competitor of the. .Leblanc 
'.process;, but as' such it possess'ed- one defect, inasmuch as it wasted 
- ''all the 'chlorine' of the sodium chloride, 'and' so .produced no bleach- 
ing powder., . ^ 

-- This %as- recogniseil by Mond as' early, as 1882, and he pate.iited 
"' .' a,' process' 'fox. . manufacturing, .calcium -peroxide to be U'sed .as a ,sub- 
-.stitiite 'lor : bleaching powder., .-He folio-wed this-, in 1883 ,:'by, -■ a 
process' .fox', obtaining hydrochloric; acid..' .In, .the ammonia-soda^' 
reaction,. -the' ,'chlorine rem.ains ; in ■■■-solution, .in combination '''with, 
."■■a'mmoiiia, '..'along.' w.xth residual ■: sodium ".'■chloride. . Mond, -'.concen-' 
; 'trated' this liquo'r ,,',by' ;heat, ■-.aiidj-,.. after "the removal , '.the, .''first, 

■ '■ ' 3Ci.-, 'Mond and C, Langer, -Improvements ,in^'abtainmg',,''liydrogeii>”'', 

:12608 of '1888. 
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crystals of comiiion salt, obtained the amnioiiiinii cliloride iii a 
solid xciiTii. Tills, on treatment witli sulphuric acid, . yielded 
iijdroeliloric acid and ammonium sulphate. 

Ill 1SS6 (E.P., 66 of 1SS6) he invented a process for obtaining 
eliloriiie by passing the vapour of ammonium chloride over nickel 
or a similar active oxide to form the corresponding chloride with 
liberation of ammonia, subsec|uently treating the chloride with 
hot dry air to liberate chlorine and regenerate the oxide. By 
employing siiperiieated steam in place of dry aiiy he obtained 
liydrocliloric acid instead of chlorine (E.P., 65 of 1886). The 
process for the manufacture of chlorine was installed at Winning- 
ton, and bleaching powder was made by it for several years. The 
concentration process for obtaining ammonium chloride was super- 
seded by a. cold one, wherein "the liquors were reduced in tempera- 
ture by freezing machines until the. 'aimnonium salt separated. 
This was foimd to yield a product 'of great purity, an .essential 
property for a salt which had 'to be volatilised. The .dried 
air nioniiini chloride was. volatilised by heat, and, the vapours ■ were 
passed over nickel oxide. ■ This 'yielded - nickel chloride ' and- 
allowed -free aniino-ni-a' to pass -forward 'for absorption ' in water and 
eventual 'return to -the soda ■ process. - Chlorine yw.as obtained by 
,pass,i,iig'a current of hot -dry air. over the nickel chloride, and was 
utilised i'li Deacon chambers for the production of bleaching 
powder. In -order to ^ secure the exposure of a large surface , to 
the action .of the' gases, Monel 'made up the nickel oxide into, pills 
byn:nixiiig it with china clay and pressing it between rollers , with 
lie.inispher.ical -cavities. He found. that when -these pills had been 
in use for some weeks they became' black, swelled .up; and 'ultim-' 
ate-ly fell into powder. ■ I'nvestig.ation showed ' that, ' in.; -thiS" con- 
dition, they ' c-ontai'iied -a - .-'con.siderable '■ quantity. , of .' carbo.n , This 
'was 'found to, ow^e its ■ origin-' to 'the'-: -'constituents ..of-, the .so-called 
‘ * inert ,gas'^ ' which was ' employed .-to ' ■ -sweep . out - the - last '--.trace of 
am.in..o.n,ia '.from the apparatus ■ before proceeding, ,-t-o- evolve, chloriiie.- 
Tlii-s- gas was '.obtained from the' exits ' of' -., the. -amin,o'nia-soda pre-' 
cipitatio-ii tow-ers, and/ consisted "of nitrogen' mixed with some 
c-arboE dioxide and carbon 'monoxide. A study of the beliavio.iir 
of' these. "gases in the presence of nickel,, oxide and their action -on 
.meta'l'iic nickel led M-oiid,. and Danger' 'not only, to devise the -method 
'p.'r-eviou sly mentioned, of , re.moviiig carbon monoxide from - producer 
gas, but also to the discov-e:ry of nickel ■carbonyl/'*' 

The -pla'iit" employed- for 'the.volatilisa-tioii of - ammonium ' .chloride 
diatl , to' be '-of special ' 'construction - on ' account'' of the ' violent - attack 
cd' the vapour o'n-,, ,nio,st metals,. -..The ■valves, 'w,hiidi\ww* 0 ,. reqiiired 

* The history of-,my,,pF*:>e0-3s of nic'kel'ext-metion,’'' hy -Li- M.o«d;''-.,'j',,'db/:?f''- 
Chtm* i/i/i., lSh5, 14» .945. , - ■.- -'■' 
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fc»r ''elec ting fciio cliaiiges of current were made ot iiickel. Altliougli 
laboratory experience Jiad sliowii tills metal to be proof against 
attack by ammoiiiiiin cMoride vapour, the valves in tli© inanii- 
factiiriiig process soon became leaky, «and were found to be coated 
witli carbon. Mond and Langer were thus led to^ make a careful 
study of the action of carbon monoxide on nickel with the view 
of ascertaining whether a definite compound of nickel and carbon 
was formed. In the . course of experiments, finely divided nickel 
was treated with pure carbon monoxide in a glass tube at varying 
temperatures for a number of days, and was then cooled in a 
current of carbon monoxide before it was removed from the tube. 
In order to keep the poisonous carbon monoxide out of the atmo- 
sphere of the laboratory, the gas escaping from the apparatus was 
connected to a Bunsen burner and lighted. To their surprise they 
found that, while the tube was cooling, the flame became luminous 
and' the luminosity increased as the temperature fell 'below 100^’’^'. 
The flame gave a mirror on a cold porcelain plate, and when the 
glass exit tube of the apparatus was heated, a metallic mirror 
was obtained inside, whilst the Bunsen flame lost its luminosity. 
The mirror was found to consist of pur© iiickeL Eventually' they 
wer©' successful in discovering that, at a temperature below' 100°, : 
nickel combines with carbon monoxide to form a tetracarboiiyl 
which is a colourless liquid boiling at 43° and solidifying at 25° 
to, form needle'-shaped crystals (Mond, Langer, and Quincke, ' T., 
1890, 57, 749; Mond and Langer, f 6 1891, 59, 1090). 

Owing to the disintegration of the nickel pills, Mond ■ substi- 
tuted magnesia and obtained satisfactory results. The chlorinte 
process was carried on for several years; but the plant' proved 
costly in .repairs, and the. heat losses were considerable. Although 
the raw ma'terial, ammonium, chloride,' was, 'ready to' hand in solu- 
tion with o'ther compounds, the separation and, drying .of 'the' 
pure salt could not be effected cheaply, and proved a serious handi- 
cap' to. a process which had to. compete with those that, started 
',with"cofiimon salt. The process was therefor© abandoned in ' favour 
of one patented by .Carl ■ , Hoepfner, by which' zinc , oxide and 
calcium ,, chloride, hnder treatment ,■ with , carbon dioxide yield zinc 
chloride and ca.lcium vcarhonate,.. '.The, .zinc^ , chloride ,on , electro- 
lysis gives" .chlorine and,. 'pure. zinc. Thus, the residual liquors 'from 
,the ammonia-soda process ' were' ■m,ade. to ' yield their , chlorine, ■, and,' 
the zinc W'as obtained ..in a. .state that', commanded' a high, price. ' 

' In,'’ "investigating' the . properties ■ of .'nickel, carbonyl, ' ' Mond' " was' 
impressed ' with ,, the,,, ea'S,©', with which .mickel C'0,uld ' ,be', converted' 'into' 
a volatile, '.gas by,,, the action ■ of,;' 'carbon' ,,monoxid.6,, ,,'a,nd', recognised, 
that'', 'it ,,: might ; afford:' ' ' method' ' of ■, separating, 'this''' .m'etal ,' ,f ,r'Om'. ; 'O'thers' 

.' O'H' a manufacturing scale. He was at first averse to undertaking 
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file creation of an entirely new industry liimseif so late in liie,) 
and proposed to^ sell his patent; hut, as he failed to fmd a pur- 
chaser, he erected plant in 1892 in the Wiggin Nickel W.orka at 
Sinetliwdck, near Birmingham, and placed it in the charge of Br. 
Gaii Laiiger. For such a novel process, all the plant had tO' he 
designed and constantly altered through the first four years of 
arduous work. When the practicability of the process had been 
fully demonstrated, Mond formed the Mond Nickel Company, and 
handed over to it the future developments of the manufacture. 
He became its first chairman, and retained the office until his 
death. In addition to the labour involved by the coiistriictioii 
of large works at Clydach, near Swansea, the company had to 
acquire and develop mines and ore-handling plant in Ontario, 
Canada, Although in all this work he was ably assisted by his 
twO’ sons, together with Dr. Danger and Dr. B. Mohr, the bulk of 
the 'work fell upon Mond, for, with his characteristic thoroughness, 
ho insisted upon personally examining every detail. 

He had the satisfaction of .seeing his process become. of immense 
commercial importance, and- "the . . company rewarded with 
phenomenal success. The Clydach Works,: managed by Dr. 
Danger, have been repeatedly enlarged, and now produce annually 
upwards of 3000 tons of 99*9 per cent, nickel. 

The details of the process were well described by Eoberts-Austen- 
before the Institute of Civil Engineers in 1898 {Proc, Imt, Civil 
Eng,.^ 1898, 135). The discovery of such an astonishing compound 
as nickel carbonyl led Mond to investigate the action 'of carbon 
monoxide on other metals. He soon succeeded in preparing iron 
carbonyl, but found that, at the ordinary pressure, no results were 
obtained with any of, the large number ■ of metals -which ■ h® 
employed. At ' high temperature and: under ■„ extreme' pressure, 
however, he succeeded later in obtaining carbonyl of cobalt at 100 
atmospheres ■ and 200^, of molybdenum at 250 .-.atmospheres .and 
■200^, and .of ruthenium at 450 atmospheres . .and \Smenth 
Ifiter,' Congress. A fg. ' Gh&m., 1909). 

' The account of this work, carried out with the assistance of Dr* 
■Hirfe, and Mr. . Cowap, formed the suhsta,nc© .of the last publication 
under-. Mond's name (T., 1910,. 97, 798). 

'.The four strenuous years, devoted to, the placing of the nickel 
process' upon a firm industrial basis undoubtedly' overtaxed Mond^s 
strength. .He had sufered .from a weak heart for several 'years.' 
The , unfortunate death of three workmen, due to inhaling some of 
'the -poisonous' - nickel carbonyl, ■deeply affected him, and the sudden 
.'death ■ in',' Egypt; of 'his daughter-in-law,. 'Mrs. '.Robert : Mond,. com- 
'pet'eiy .'broke : him -'down. ' 

He presided over .the , Inorganic ' Sectdo.'u ' of dh.e , 'Seventh: '■■ .Inter- ^ 
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uationai Coiigross of Applied CiieHiisitry ixeld in Loudoia in the 
summer of 1909^ and entertained the niembers at a garden party 
at Tiie Poplars^ Avenue Road. In tlie late autumn lie suffered 
iiiiicli from sleeplessness, and liis liealtli visibly declined. He kad 
intended to winter in Rome, but was never sufficiently well to bear 
tlie journey. He died at liis house on December lltli in his 
seventy-first year, and was laid to rest on the 14fch in the mausoleiini 
at Piiichley, which he had built to receive the bodies of liimself 
and his family. The funeral was most impressive. Standing on 
the' top of the wide stone steps which lead to^ the upper part of 
the mausoleum, the Jewish Rabbi conducted the service in Hebrew. 
Ranged below him stood men eminent in science, art, and industry; 
Mond’s two sons, his old partner and friend Sir John Brunner, 
Ernest Soivay, directors, managers, foremen, and old workmen 
from the factories with which he was connected, .and chemical 
manufacturers. These, from far and near, along with a group of 
chemists containing those who had been associated with him in 
his researches, seemed to represent every phase of his life. What- 
ever was the sens© of personal loss, each felt that science and 
industry had lost a great man. He was i^ecognised by all as an 
ideal induatrial pioneer. .With all his love of pure science, lie was 
never led to make interesting researches which had no definite 
object. He never imdertook work which was unlikely to prove of 
industrial utility. His financial success- was great, but this was not 
regarded by him as the reward which he desired for his work. " He 
never wmrked for the purpose of making money, but for the sole 
object of cheapening manufactured products. In his fortuitous 
partnership ho owed his financial success just as much to the com- 
mercial genius of Sir John Brunner as the latter, in- turn,, was 
indebted to the scientific ability of Mo.nd. 

No, words can more fitly de-scribe. Mo.nd’s attitude o,f .mind ,iii 
. connexion with his work than those used by himself in concluding 
his presidential addr-ess to the 'Society of Chemical Industry in. 
1889. He said : 

. ■' The, stateme,ut is frequently ..made". that’ ^'Necessity is the mother 
of .Invention.^ If, this. has been the' case in the past, I think. it is 
.-'no- longer so ,in ,o'ur days, since science has 'made' us acquainted- with, 
.-the ' Correlation of forces, -.beaching us, what '.amount, of . 'energy we 
utilise, . and how mu.ch;.' we waste 'in bur various method-S '. for attain- 
'ing- .certain objects, -and' .indicating to us, where -and in what direo- 
-tion, .and how -far, improvement"- is possible ; and since - the increase-' 
-'im -,-our' -know,l,edge ' of .-matter enables- us, .to '.form' 

'.an .opinion.',befor©,-hand 'as., to-'-the'..,subs'tattC'es .we have available for 
o'btaming,, a desired, result. - .l-We,' can' mow .foresee, in most cases, in 
what direction progress in technology will move, and, in con- 
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lienee, iiie -inveulor' is now .frequently, in- advance of tlio wanis 
of Iris time'. .lie may evo.ii ■create new wants, to- my ini.i:id 'a di9ti.ijci* 
step in tlie ■development of liiuuan culture. It can then no longer 
be stated tliab ■' Necessity is the mother of Invention ; but I tiiiiik 
it may truly be said that the steady methodical investiyatlirih of 
natural fheriorne7iu is the father of industrial progress,” 

He had' no- great faith in the value of teaching technological or 
industrial chemistry in' special laboratories or iiistitiitions, for he 
held that a man could only become a successful industrial chemist 
when he had received a complete training in pure science. 

In Ills speech to the students assembled at the opening of the 
Schorlemmer Laboratory for Organic Chemistry, Manchester, in 
May, 1895, 'he advised them to devote their attention to the study 
of pure science alone without giving any thought to immediate 
practical results. 

In order, to ' foster ■ scientific research,' M-ond purchased a . house, 
formerly the town residence of Lord Albemarle, adjacent to the 
Iloyal Institution, and after converting it into a laboratory, fully 
equipped with apparatus at a cost of £45,000, presented it to the 
nation along with a sum of £62,000 as eiidowmeiit, requesting that 
the building should be, called the-Davy-Faraday Laboratory., dlis 
idea was, to provide a place where an investigator could secure the 
means of pursuing his researches 'under the best possible conditions 
without the expenditure of large sums of money. 

All through his life Mond never failed to point out to hia 
assistants that, in order to avoid waste of time and for the purpose 
of securing a favourable start, -they ■ should read all that had ' been 
published ' on the subject be-fo.re they started any new investigation. 
In his later 'years, ■ lie recognised that in ■ the face of the multipli- 
cation,' of scientific publications it 'became year by ye-ar’inore drfli- 
cult to ascertain' what , had 'been written. ,In order, therefore to 
, facilitate the', consultation. of -the. 'world's, ■public.ati,ons,, he presented 
the Soyal Society 'wdtli .a sum of. £14,000 to ■ defray the , cost ■ of tlm 
■regular compilation .of 'a,, catalogue - of' international , scieiitilic 
literature. ,' 

Great as was the fortune which -Mond amassed, no, less princely 
was ■his-Hiberality. 'What h© , gave privately to those on wlio-m 
,£ortuii,© had not:smile-d is' known to' very few. It is, however, 
ce'rta.in, that of .those who solicited, he-lp from him, none but. such, 
'as were 'proved to be 'unworthy failed to receive it. 

■ Mond''.was the recipient of the following honours: 

He : was ; instrumental in founding -the , Society of . Chemica! 

, Industry, and was elected' its',first president in 1881, and was again 
"..'president in. 1889., .' 

,.IIe 'was.-electecl a Fellow of the Eo'yai Society i-ii 1891. 
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Doctor of Science (honori.^ causa) of the University of Padua in 
1892. 

Doctor of Science (honoris causa) of the University of Heidel- 
berg- in 1896. 

Foreign member of the Reale Accacleinia dei Lincei of. Rome in 
1899. 

Doctor of Science (honoris ca/usa) of the University of Man- 
chester in 1904. 

LL.D. (honoris causa) of the University of Oxford in 1907. 

Honorary niemlier of the German Chemical Society in 1908. 

Grand Cordon of the Crown of Italy in 1908. 

Honorary foreign member of the , Royal Society of Naples in 
1908. 

Foreign member of the Prussian Academjr of Science in 1909. 

Ludwig Mond was a man with a most impressive presence. He 
had a large head with a highly developed forehead. Although he 
was bald on the crown, his hair grew profusely round his neck and 
always evinced a tendency to curl.'. His eyebrows were- thick and 
protruded somewhat over his dark,, piercing eyes. His beard was 
full and his features generally were- 'of an Oriental type. His' face 
was capable of expressing extreme gentleness and intense severity. 
Ha.'had ,a keen appreciation ol Immonr, and in his younger days 
was 'almost boyish in his mirth. He possessed a most .sociable dis-' 
position, formed firm and lastii'ig' frie.ndships, and ever preserved 
a tender regard for those with whom he had associated. 

H|' possessed a sensitive and- .sympathetic nature’, and .was ever 
ready to assist those who were i'n trouble. He was a. keen debater, 
but very quick , in resenting obvious contradiction. The- .powerful 
will and firm self-confideivce that ei.tabled hi'i:n tO’ achieve so much 
'made- him disi'uclined readily- to- weigh .other , ])eop’le’s opinions 
against Iris own. A. ra'pid thinker. lii.mself, endowed with a remark t 
a'ble faculty foi' mental aritlimetic, he was apt to hecorne i.mpatieiit 
with, those who failed to i'ollow. For 'him, .all iiiformation -had- to 
be definite and precise ;■ generalities 'a-nnO'yed . him, die could not '- 
thi'uk 'of a .problem unless he had volumes ,■ weights, and tempera'- 
t'ureS' to .commenc'e with. 

"His voice' was deep and 'guttural, and '-.he 'never so complete’Iy.'.lost'' 
'his German accent as . to' master the ■ English ^Nve’b'a'nd ^-It.h’.Bi"’' 
H6’ po,ssessed the .power of „o..btaining- sleep at. will, and 'although . an 
indefatigable .brain .worker,' he. could rei'nvigorate hiniBelf by taking 
half an. hour of' .sleep, terminatin'g''''alm,ost' .''at' the . mo-men t he had 
arranged. ■ 

He was a great cigar smoker, and, ohiained stimulus from tlm 
p'raciice. His consumption of a cigar kept pace with iim working 
of' his brain. When, engaged in the disouasion of a])struso problems, 
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lie invariably walked up and down bis room smoking, and as lie 
became more and more absorbed in tbonght, his cigar burned faster 
and faster. 

He was miich beloved by his workpeople, wdio regarded him as 
an exacting master, but a perfectly just one. He could be, and 
often was, very angry with any man who %vas lazy or stupid, but 
lie never' kept any bitter feeling towards the delinquent. Much 
of his anger, too, was assumed for the purpose of making an 
impression. 

During his absence in Rome in 1903,. a report reached England 
that he had died, and obituary notices appeared in some of the 
newspapers. The news 'was quickly shown to be false, and oil' his 
next visit to Winnington the workpeople met him in torchlight 
procession, presented an illuminated address of welcome, and made 
Wimiington Park gay wdth fireworks. 

In' '18'98, "to' eelebrate the twenty-fifth anniversary of' the,' com- 
mencement of the works, Sir John Brunner and Dr. Mond ' pre- 
sented a handsome building to the company to serve as a pavilion 
and recreation club for the ’workpeople. It was built in Winning- 
ton Park on the recreation ground. They further entertained their 
men with their wives and children, to the number of 12,000 
individuals, at a in the park. 

His winter residence in Rome developed that great love of the 
arts which had always been characteristic of him. He was intensely 
fond of music, and never so happy as when he could offer his 
hospitality to those who were celebrated in the art, ^ 

He was a great admirer of the . early ' Italian painters, and 'he 
collected at his London house one of the finest galleries of their 
works in England. At his death he bequeathed these to the 
nation. ^ 

In an eloquent commemoration of their foreign member, 

. Ludwig, Mond, read to the '' Dei : Lincei Royal Academy on April; 
3rd, 1910, by Raffaele Hasini, the author said: 

He loved Italy 'with ,,'a. .great lov'e';,he loved, it on account of its 
'.'.brilliant skies, "on, account of its. beautiful landscapes,' the customs 
of the people, and its ancient art; he loved 'it in its men of science, 

' in its ;. .'men; of literature,' in its "men, of art. ' He assisted many 
' , provident" and 'charitable. ' institutions, in "this country ; he relieved 
in,any '.disasters great and small, together with his good companion. 
Italians found in. his; hospitable, house at The Poplars a .piece of 
their own' '.country, where everything spoke of Italy'. ' How many 
glad remembrances of our country and our countrymen' were' evoked 
by Dr.'''M.oiid' 'and his amiable 'family; 'how* much admiration', 'for' 
Italy burst,', forth "from their hearts whilst tho' 'Virgin ''Of,'',,Ti,2;ia'iio, 
and the beautiful Flora 'Of Palmo 'il Vecchio',, were smil'ing on .''us.,,,','' ■ 
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‘■'‘'Italian science was a great favourite wltli Mond, and con- 
sp-iciioiis grants were received from Iiini by tlie Clieiiiical Institute 
of Eome and my Institutes of Padua and Pisa. . 

^‘’For our grand Cannizzaro^ lie had an intense admiration and 
profound veneration. He said that his friendship with liini was 
one of the greatest satisfactions of his life. In honour of 
Cannizzaro he founded in our Academy that conspicuous prize 
called after hinij which will he delivered the first time in 1911, 
and let it be. hoped that it will bear fruit equal to the love enter- 
tained for science by him who founded it. Last year (1909) the 
Italians who met in London for the International Congress of 
Applied Chemistry wished to show their gratitude to Mond, and 
oi;i 'May 30th, in connexion with a splendid garden party given by 
Mond to the members of the Congress, there was offered to him, 
on behalf of nearly 500 chemists of our country, a bronze shield, 
the eminent work of our sculptor, Carlo '■ Fontana, on which Mond’s 
work was symbolised. On presenting it, speeclies were made by. 
Professor Ciamiciaii, myself, and Professor Paternb, the latter 
expressing himself in very appropriate language as follows : 

The prize you have founded and which you wish to adorn with the 
illustrious name of Stanislas Cannizzaro will be for Italian chemists, now 
and for ever, a perennial monument of their gratitude towards yo\.ii. The 
honour shown to our grand master is an indissoluble link between your name 
and Italian 'Science. 

Mond in Hs reply remained that what he had had in view was 
to point out to the prese'nt and future' -generations of chemists' what 
•splendid results may be obtained -irom a' life of true devotion to 
science such as -had been, and 'was, that of , Cannizzaro/’ 

I,n addition to the portrait of Mond on the shield mentioned 
above, there are a marble bust (1896) by Joseph von ' Kopf, a' bronze 
bust , by Henri G-'Iicenstein, a bronze -statue (1'906) by ' Ferdinand' 
.Seeboeck, a portrait 'medallion by E. 'Lanterl, (1911),-, an oil p-ainL' 
3, Eg by- Solomon J. ', Solomon, -H. A., and in,Wmniiigton'Park stands 
a' ' lifelike ■ bronze statue by E-.. '.'Lant'eri, unveiled by. Sir John 
Brunner, in. , 1913 amid 'a rem.-arkabl'e. ■co,n€oiirse-, of ,M,oii:d's-" -olcl 
friends. - Here, .from his' granite- 'pede'stal, .'wearing his well-know-n, 
dust -'coat nnd; patriarchal' "soft ■felt 'hat,' -holding,, a ,bundle of "-plans, 
iit - his,' ha.nd,, - the Old IM-an "'(as-^ --he - wa'S;' , always, called) .'stands' 
looking, at' ■the,'WO'rks he loved-' '.so-., well.:, ,,To one 'who -sees,-' -this effigy 
daily,, .the thought"- often' occurs.:. '.-"What .would h,© think- 'of them 
noW',!, grown' even.'heyond' Ms'-' plans.!' and a., certain .amount , of satis- 
faction. 'is -derived'.' from "-the ’-fact-- that, Muring, all' this ' remarkable., 
development the statue apparently stands constantly watching. 

Although some years have now elapsed since his death, it is not 
possible for the country to gauge the.walue of his work by noting 
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tlie size or niiniber of tlie factories wliieli lie was ii:ietriiiii€viito,i in 
creating » Tlie full benefit accruing from it will not be separate!}/ 
assessable from national industrial progress; but for a geiieratioii 
to come England will liave reason to remember Ludwig Moiid, the 
great pioneer cliemical manufaGtiirer. ■ John L Watts. 


BENJAMIN HORATIO PAUL.- 
Boen 1827 ; Dieb 1917. 

By tlie cleatli of Benjamin Horatio Paul_, in liis ninetietli year, 
there is removed one of the last of the Olympians of the early 
epical years of British scientific pharmacy. His lifO' pilgrimage, 
so full of years and honour, was for a long space of its course con- 
temporaneous with the history and progress, of the Pharmaceutical 
Society, to the faithful and, fruitful service of 'which he dedicated 
SO' rich a measure of his remarkable talents and energies. The 
late Dr. Paul was horn in 1827, and in his fourteenth year entered 
the profession of pharmacy at Fakenham. He was on© of the 
group of eight students in the- Pharmaceutical Society's original 
laboratory' during the first session of. the School O'f Pharmacy, an,d 
ill 1845, at the age of eighteen, won the schools first prize iii'' 
chemistry and the second prize ill 'Organic chemistry. While' E' 
student in the school he came under the inspiring and formative 
influence of Pereira, that prince of teachers and master iii' pharma- 
ce.utical science and, lore, with whom he formed, a life-long friend- 
ship, and whose memory he ' cherished ' as one of , his' most ' precious ' 
possessions. , Thereafter he studied" -at, Gie'ssen, under Liebig, and' 
,in 1848,', took the' degree o'f . Ph.D* .,(Gi^ssen). ,Returning,. to 
'England, he' prosecuted his studies under ,6raham (the', Master, of 
the Mint), acting as, o,ne"- of Lis- as,sist'ants,. ,, and ' passed the Major 
'.'E.xammation in'' 186,2, the- number 'of his Major certificate. being 9. 
He fi,r,st contributed ' to TJw Pharma ceutiml Journal in 1846, and 
in 1856 commenced' a-notable. mo'nthly, series ,of articles o'li ^^The 
,P'rogress o£'„'Ch'emical ' and Physical -Science,^.’, which succinctly and 
with' characteristic accuracy , summarised and, revie'W'ed the advances 
'.ill '.'these ■' branches, of ,, knowledge. ■ He w,a'S s.oon recognised as. a 
■leading '.authority on' ' th©' -pharmaceutical and allied sciences, to" 
..,,the.n.dv'an,ceinent. of'' which his, 'original, work then and later 
tiB'ateria'liy ' contributed. ' In , particular,' his researches in collabora- 
tion with" Gownley on the chemistry of ' cinchona, ipecacuanha, and 
' O'ther ' al'kaloidal drugs, ,liav,6” made 'permanent additions to the' 
knowledge, of these' 'subjects., ’a,nd his' literary labours, which covered 
a Wide scientific .range, ' included co'ntribiitio,ns to tlie first '..ecliii on 
* Reprinted, by permission, from The PhurmaceiitdcM Jcmrnafn 
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(5* 'cDi civic nary of Clieinistry/'’ ^ditorsliip of ilia Eriglisli 

vers,ioii of l.isc (Terinan. ■edition of Payeii's ''Precis de Cliernie 
Iiiciiistrielie (ISTS), for wliicli lie wrote tlie suppleiiieiitary 
cliapters on tlie clieniistry of the me'tals ; the editorsliip^ for Bohn's 
series of Boliey’s "Manual of Technical Analysis”; the Eeport, 
ill collaboration .with Passmore, of the First International Ex- 
hibition at Vienna in 1883; and, in conjunction with Holmes and 
Passmore, the Re^port on the Materia Medica Pharmaceutical and 
Chemical Industry Exhibits at the Paris Exhibition' of 1878. 

Dr. Paul was formally installed as Editor of The Plia/rmaceutical 
Jour?ial in 1870, in succession to Bentley, Redwood, and Barnard, 
the triumvirate who had conducted it with somewhat divide^d 
counsels and policy from the time of Jacob Bell’s death in 1859. 
Prom, the outset of PauTs editorship the Journal became a weekly, 
and he soon introduced many of the distinctive features that it 
retaiiie-d during the thirty-two years of his tenure of office,, which 
witnessed many profound and p^ervasive changes in the ' internal 
structure and external environment of pharmacy, and consequently 
ill the policy of the official organ of the Pharmaceutical Society. 
Some of these innovations were doubtless distaste-ful tO' a man who 
had breathed the atmosphere and been nourished on the generous 
aspirations and exalted ideals of the morning land of British 
pharmacy ; and, for one of his perfervid intensity of conviction, it 
must have been increasingly difficult to subdue his mind and hand 
to a medium in which science had to compromise with business. 
He .scorned,, however, to palter with principle, as he conceived it, 
and ' during his long life, both .in his .editorial capacity, and later, 
he staunchly and steadfastly, held out for the prime, necessity of . 
the systematic and progressive education of the pharmacist as the 
only sound basis and sanction for his 'claim to professional recogni- 
tio.n, .and i,nsist6d on the. practical value, of. .a regular. ■ apprentice- 
ship, as alike a preventive and euro of many ■ of the more .grievous 
.evilS' from which British phar.ma.cy suffers.' In these . respects the 
recent trend of events has amply Justified his prescience. . 

.' Dr. Paul was .an accomplisliecl and .versatile linguist, ..widely 
travelled, , with an intimate '' knowledge , ' of ■ 'Contixiental ' ' life. and. 
thought,' a, brilliant ■ conversationalist, an artistic, . of 7 

remarkable ■ histrionic ,'power, 'with a ; wonderful ..gift of .playful 'or 
po.ignant . .wit, and ' was ' ca'st in '.the . 'heroic, combative mould, ' .w'lth' 
■elements of s'weetness and light’ in .his compositiO'D. , which m.ade..„h'im " 
0 'iie„of , the. 'inost.. chivalrous and magnanimous.. of men, /as. ready... to.,':" 
take 'a;, manly foeman. to ,his arms, as 'to. break a 'lance ''W'ith"' Mm. ' 
Dr. ..Paul touched li'fe. o.ii''many,;S'i'de8». ..His': affinities'' with the ..modern, 
■,'spi.rifc', iii'.'literat.ure. .a.M ',,'art:'''br.o',ught'',him ..intO', .sympathetic' conta'ct:;',. 
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protagonists of the pre-B»aphaelite brotherhood, and Ereeiiiasoiiry 
as another aspect and manifestation of fraternity arid fellowship 
strongly attracted him. 

When Dr. Paul, resigned the editorship of The Flia/rmMce/iitiexil 
Journal in 1902, although reckoned by the -efflux of time lie had 
exceeded the allotted span, he was still a man of vibrant vitality 
and unc{iienched spirit, and throughout his declining years had 
enjoyed wondeidirlly good health and an unabated zest of life. 


RUFUS DANIEL PULLA.R. 

■ Bobn July 6th, 1861; Died September ,22ni), 1917. 

Rupus Daniel Pullae was the elder of the twO' sons of the late 
Sir Robert Pullar. Born in Perth in 1861, he was , educated, first 
at Sharpes Institute, Perth, and then at Craigniont School, Edin- 
burgh. While still residing at Ci^aigmont, he commenced to study 
chemistry 'at the University ' under Professors Crum Brown and 
Stevenson MacAdam. Here he made good progress, and at the 
completion of the course spent a year at his father’s works in order 
to acquire a knowledge of pi^actical dyeing. 

In 1880 young Pullar entered the newly-created dyeing depart- 
ment of the Yorkshire College, now the University of Leeds; then 
in charge of the late Professor Hummel, with whom, indeed, h© took 
up residence. He proved himself a hard-working and zealous 
student, and the University records state that he not only took th© 
first prize and certificate ■ in chemistry; and dyeing,' but ' also, the 
highest honours and silver' medal . at' the examination of; -the Gity 
and Guilds of London Institute in wool dyeing. 

During- the. period . of ■ Hs’-'s'tay.'.in .Leeds his’ kind-. 'and' genial 
.disposition; found him many friends,- and; he -©nthusiastically" entered 
into such'sports . as were then. in. vogue, being espe'cially proficient in 
lawn tennis.,' He was, moreover,..' a clever 'photographer, and .many 
.prints are, still extant 'from negatives taken by him during liis year 
of studentship ., at Leeds. , . His ..interest -.in his' O'ld . College and the 
'Subsequent phases of ''its',\develop'ment.'-,as' part of the Victoria Uni- 
.versity and .later, 'as the 'University,' of Leeds, remained with him 
..".up to.'.his death, -and' it; was rarely he came to Leeds, without visiting, 
ite.;-" dyeing .department,, so that he ..might discuss not only novel 
points of scientific interest,' but also the- possibility of ..methods ibr 
improving the study of his ’ subject. His election in 1909 -. as 'a 
member .of-the'.Leeds'University -.Textile and Dyeing Com.mittee.ga've 
him much pleasure,','....and-' he ;■ .often' re-gretted. that circumstances did 
.not permit of his more frequent' presence at its deliberations,*. ". It' 
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waa ill i88li tiiai lio took u|.) ilia poBiiio'jj of clieiuist Lo ids lafclaeris 
firm, Messrs. J. Pullar and Sons, and now ills real business career 
began. This well-known works was fonnded in 1824 by Hs grand- 
fa tlier, James Pullar, but its great development took place after 
1848, when Robert Pullar, afterwards Sir Robert, became a partner. 
As cliief cli e-mist, Rufus Pullar continued until 1886, when he 
was received into partnership, and from that time forward liis 
energies were- so fully occupied in the development and enlarge^- 
ment of the business that his opportunities for actual chemical ex- 
periment became more and more limited. On the otli© hand, his 
powers of organisation now came fully into play, and realising as 
ho did the necessity of scientific methods, h© spared no pains that 
these should be extended as far as possible throughout the factory. 
To further this object he visited foreign dye-works both in Germany, 
Prance, and America, and to these he had ready access, as a result 
of old family friendships which had originated with his grand- 
father. ' Prom its inception his firm, indeed, had closely watched 
each step in the advancement of the art ."of dyeing, and it was iii' 
these works at Perth that young Perkin, in conjunction with Robert 
Pullar, carried out the first experiments on any scale as to the 
application of inauv© to fabrics. There- are still in existence s|oeci- 
mens of silk dyed with mauve at or about that time, much valued 
by both families, taken from a dress-length of heavy moire silk 
which was presented to and graciously accepted by Queen Victoria, 

As -early as 1880 Pullar was elected a Pellow of our Society, and 
in the same year joined the Society of Chemical Industry. In 1883 
he became a member of the British Association, at the meetings of 
which he was frequently present/ and he indeed ■ accompanied his 
father and uncle on its , visit to ■ Canada and the United States. 
His connexion' with the Society 'of 'Dyers and Colourists dates from 
1884/ and of this in 1914 -he became. President, a, position which,' 
he: filled with, distinction for two years. . 

Prom 1895, onwards ..Sir' Robert and Mr. James Pullar, tho' older/ 
members .of the firm, grad.iially withdrew .from the actual manage- 
ment of the business, and as a result Rufus /Pullar^s activ'e partici- 
pation ill ' scientific' nieetings,.' at no- time .an ■ easy matter for him,..' 
owing to the distance, -of Ms, home '-from, .their centres, wasnow con--- 
siderably curtailed. -Happy -though he,', was '..in- his. .ow-n. business 
''spher©,,-in--which,' of .'necessity, - hi-s main intere-st centred, he never 
ap.peared .'better -.pleased than-whe-n in-'scientific circles, and there can 
' he ''little '.doubt that' .he Tegr-ett^ that '.the- exigencies of Ms position 
'-'d'id, hot ' permit ' Mm ^ a'ctively to ,’inves'tigate somo' . at ■ least of the many 
theoretical problems which so frequently came to Ms notice. Whenever 
opportunity occurred, he spared no pains to emphasise the necessity 
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of .ji i.li.o’r«ji!gl:i scientific training for all tliosc who were rlcsirous of, 
or a.boiit to accepi), positions of a-iiy responsibility in oiir fac.t^oi‘itn^, 
foty k,iiowin,g tli© (lerixiaii iiietliods so' well as lie diil, lie viewed wit/li 
alarni the general neglect and lack of eiithnsiasin for science in this 
country. This was the tenor of his address to tlie Society of Dyers 
and Colourists ' ill 1914, on which occasion he also pointed out that 
the chemist, to he thoroughly successful, shoiild not , specialise 
entirely in his own science, hut should have also a general acquaint- 
ance with physics, engineering, and mathematics* In 1914 lie 
accepted with much pleasure the invitation to join the Board o.f 
Trade Committee, then being formed to consider, the methods oi'* 
improving the dye industry in this country, and when, as a result 
of its deliberations, British Dyes, Limited, was founded,' liis interest 
.i'll , the ...matter was ii.nceasing, ■ and at times he 'visited the factory 
site to. watch;-' the developments there in progress* 

:As the head, of the large and important husin ess at Perth, Rufus 
./Piillar was fully alive to his many.responsibilities,' a'lid in additioii 
to his', desire for ^ the continued ■ success of the works, was keenly 
.anxious, as, indeed, were his father and uncle before him, to devise 
methods for the greater comfort and social betterment of the .firmT 
employees. , Thoroughly businesslike and punctual in liivS 'liabits, he 
expected the same from, others, but, on 'the otlier hand, 'iio calls on 
his leisure moments did he regret when these could be speut„for the ' 
benefit of the community of his native town. Even witli those who 
knew him. intimately he rax'ely discussed his own concerns, and his 
quiet and unassuming maniieiygave Tittle indication of his excep- 
tional a.ctivity* 

Although his' business engagements .were very .exacting and his 
scientific.' interests absorbing, there are few, if any,' of the nuineroiis 
philanthropic institutions existing .'in Perth with whicli ,he had not. 
been '.connected,.,. either, as -president or' in .some 'p<)sitiO'n,,of active 
responsibility*' - He had; always,.. .indeed,' been, particularly .attracted 
.....by 'public' work, .and, .he had'-hoped later.'.. o.n,' as,, others. came T.orward ■ 
.who co.uld relieve him- of his .-.business ...careS) to, devote. Iiimself" .to" 
public life and,, if possible,' to enter '.ParHarn'ent* , 

At the 'Outbreak of the war -he fully'. recognised, the, necessitie'S -of 
"''the,situation;;.,and actively pa'iticipated in',the' various local .scheme-s/' 

- .wliieli a.rose- at 'this period of the. .national difficulty. , Thus,' wlien . 
-Lord 'Derb'3ds' recruiting,- scheme was''sta.rted '.in ,1'915 lie'-beca'ine a " 
inember'- of ' -.the,,, Perth Advisory' Committee, , and This -po-sition he '"'* 
filled -until/.March, ,1.916,. .when- he'- was Transferred to,. the Perth . 
Appea,! ,, Tribunal* Later again,.- in '1917, he agreed to becom,© . the .. 
Sub-Comm-issio-ner for Industry -in".. Perthshire, 'under - the' '.National - 
...Service .scheme, ,.the duties .of .--which, .-arduous though they were, lie 
took up with much enthusiasm, -a’nd'- was bitterly -di'sappointed' when, 
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as time went on, tills movement proved a failure, f'n. lilC> lio, 
assisted in the formation of The Association of British CjlieiTiii7<d 
Manufacturers/* and although not a manufacturer liiiiiscli', 
mately 'became a ■ member of its .CounciL .It is 'probable tliafe tlie 
frequent journeys to London in connexion witli this find tl,u> Asso- 
ciation of Chemical Industry, together with, tlie worry involved 
by the troublous crisis' which had arisen in his own factory, over-, 
taxed his strength. 

He died in Edinburgh on Se^ptember 22nd, 1917, ' after a short 
illness at the early age of fifty-six years. 

' Mr. Rufus Pullar married a daughter of the late Robert Morison, 
of Perth, who survives him. He leaves two sons, Mr. R. 
Morison Pullai', who is director and secretary of the firm, and 
Captain J. Lindsay Pullaiq of ‘^/The Black Watch,** who is serving 
in Prance. 

, A. '6. Pebkin. 

WILLIAM JAMES RUSSELL. 

Bok.n May 20th, 1830; Hied Novembbr 12th, 190'9. 

It is practically impossible to convey to a new g'eiieration' any 
..satisfactory impression ■ of those features of a mair’s' , character and 
personality which, were most apparent' to his conteniporaries. 
Hence. it is of . little use, and- only for "the satis.faction of those 
contemporaries, , a rapidly dwindling' company, that' any reference 
is made to his genial presence, his characteristic.hearty .laugh,' his 
sober and trustworthy judgment in husiu'ess, a',nd' hia quiet bt,:it 
persistent interest in , matters ■ scientific. W.ho 'he was and what 
.he did can fortunately be ■ set down ■ with considerable accuracy 
and, completeness, for documents '.remain ■ which give, all thcsi neces^.' 
sary information. ' Few who knew. Dr. Russell would havi^ thought ' 
him likely to be one of those who not only niade 'entries in' a diary 
for the purpose', of keeping engagements, but; who set down every 
event in his own career from th-e age' of fifteen to within a week ' 
of ."his . death, and , that all ■ these..- 'memoranda ah'o.uld hirve , beO'i'i. .' 
preserved. . . . . , „ ' ' 

, ,, William -James Russell' was -born in., M.ay,- 1830, and enjoyed the 
advantage- of' living under' 'the cai^'',of .father and mother during 
,, the,-' whole, ',of - his early, life', a^nd therefo-re, although there is no 
record of , -bis .childhood, it ■'.■.s.eems '--certain' that he received an 
.enlightened ' kill'd' -of education. ''went to two private schools, 
namely, Dr. Wreford’s at Bristol and. afterwards- -the, -,„Rev. 

,Bache*s at Birmingham. At this time, some idea of choosing foi; 
,,'him the profession of engineering seems to have been introduced 
into the mind of his parents by several friends, and it was even 
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suggested tliat lie should go as pupil to Mn Bea^misli, railwfiy 
engineer. His father having been a good deal in Paris, had in 
1801—3 attended the lectures of eminent men of science, particu- 
larly of the chemist Vauquelin, and it seems probable that the dis- 
play of his interest in such subjects may have led the lioy to tliiiik: 
„of the serious pursuit of chemistry as a life-long occi:ipati<:)!'L 
Moreover, he may have been influenced to some extent by tradition 
in the family concerning his father's, and especially his grand- 
father's, association with the famous discoverer of oxygen, Joseph 
Priestley. Whatever may have been, the original source of the 
influence which ultimately determined his career, the diary reveals 
the fact that at the age of . fifteen or thereabout he was not only 
attending various lectures on geology, botany, and chemistry, ■ but 
was lecturing himself either to schoolfellows or friends, probably 
the latter, as the entries appear to have been made in the holi- 
days. ' On September 23rd, 1847, the' entry is Left Birmingham 
for 'good/' and on October IStli following/ Ca.me to London/' and 
next day, Began to attend the- classes," This was at University 
Gollege, London, where he became a student of chemistry under 
Graham and Williamson. 

Though doubtless a man's career is subject to miich modification 
by the conditions surrounding his life, there is at least as much to 
be attributed to the bias which he receives from his ancestry p and 
before proceeding further, a glance may be appropriately taken 
at the history of the strange and eventful lives of his father and 
grandfather long before his birth. This has been provided in an 
interesting volume, The Russells of Birmingham in the French 
Revolution and in America, .1791— 1814," by S. H. Jeyee' (George 
Allen and Co.,, 1911), which has been compiled from- letters^ ami 
especially irom "the diaries kept; by Martha, Russell, elder of the 
two aunts ' of William James. , • Z. 

■ ■ ;Russeirs; grandfather, William ■Russell ■(■1740—1818),, was a con-, 
.'temporary, and. friend of Joseph Priestley,, the .famous . divine and 
disco^yerer of oxygen. . At the .time of .'this , discovery,. Willi.am Russeii 
w'as ■thirty-seven years, of age, and; must: have .felt.' cons'iderable 
.curmsity about Ms friend's .work' and ■itsZresuIts,. especially as, in a 
.sort of way as, guardian and warden' of the. Assay O^ffice in Birmiiig- 
:he .was presumably acquainted,, with ■.some' ..applications of such, 
practical chemistry as were known in.his 'day / ^ ..'But the tie of sympathy 
between.' 'the two men, was , rather political '.and religious, Russell 
„ being ,,a- member of ■, the ■ .Unitarian' u^ongregation presided over - by 
Priestley,/ and; a' substantial ..supp'orter, of .the minister,, not .only as ,, 
a member, of , his congregation,, but. by,. furnishing libera] supplies 
of money This association with so notorious a reformer, for 
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wh.oiii til© Jligii Oiiurcii party of the day iiad no better ii.aiii© tiiaii 
atlieist and '^revolutionary/’ led to unfortunate consequences. 
Public feeling in tMs country was exacerbated to a Mgli degree 
by tlio outbreak of tli© Frencb Revolution , and a series of dis- ' 
orders broke out in Birmiiigliam, in the course of which Priestley’s 
house was burnt and all his apparatus destroyed on July 14th, 
1791, and the house of William Russell at Showell Gi’een met with 
the same fate two days later. Priestley fled to London, and in 
April, 1794, he sailed for' America and settled at Northumberland, 
a small town in Pennsylvania, where he died in February, 1804, 
William Russell, though evidently a man of considerable courage 
and determination, having more than once confronted the rioters 
with remonstrances, y;as ultimately induced to seek a new liom© 
across the Atlantic. The story of the adventures of the father 
with his two daughters Martha and Mary and his son Thomas 
Rougher is recorded in the diaries of the elder daughter. ' To the. 
volume already mentioned the reader must be referred for details, 
which, it, must be said, possess more than a mere personal interest, 
as they throw much light on the state of parties in this country, 
oil* the condition of France during the Revolution, and on the 
social conditions prevailing in America. It is sufficient to say 
here that William Russell and his family started from Gloucester- 
shire in July, 1794, and drove to Falmouth, where on August 13th 
they embarked. They had been at sea only a few days when they 
encountered a French frigate, and all the English voyagers were 
captured and taken to Brest. After some months they were 
released,, and made their way to Paris, where they stayed, until the' 
following summer, when they sailed from Havre, and ultimately 
landed in New York in August,' 1795., ' William Russell, ardent ' 
Republican though he was, found little' to satisfy him in . America, , 
and in a few years the whole, family returned to Europe. 

Thomas 'Rougher Russell, the only son, of William Russell borii 
February ,3rd, 1775, was some years younger, than his sisters, who;' 
.were, born respectively in 1766, and' 17,68., , lie seems to have found life 
in^ the new country less tolerable than did his morO' accommodating 
sisters. " His; father had purchased considerable prop.erty in^ France, 
and' in 1801 he retired to his estate near Caen.,' Thomas. s.pent,':a 
good '.deal of time in Paris, but there'-, were difiiculties , about 'personal',,, 
intercourse, between , father and' son ''Owing .to the continuance' of.,.' 
the;, war ' and. the anomalous political-" position ■ of . the -father* 
William ,' -Russell ' was ' -admitted ., to' ' the rights . of French citizenship 
ill 1807/'and'.'two ',.years. '.'later.Thoma8 also became a French citizen. 

In 1813., Russell -sold. parLof,'his\Ftench property, and advantage 
■'was taken of the peace which temporarily followed the internment 
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of Buonaparte in Elba for botb father and son to return tlieir 
native country„ No record exists of the terms on wliicli Russell 
made liis peace, with the English authorities, but it is pleasant to 
know that he was spared to live four years in his native land. On 
Jaiiuar}?' 26tli, 1818, he died at the house of his soii-liidaw, James 
Skey, at IJptoii-on-Severii, aged seventy-eight, a' long siiifering 
man who had met all liis troubles with a cheery spirit and in- 
cloniitable courage/^ 

From the volume referred to, ''We learn that Tlioiiias Poiigiier 
Russell maried in May, 1817, Mary, daughter of James Skey by 
his second wife, Eleanor (nee Brockhurst), and had issue two 
daughters and one son, named after his two grandfathers William 
James. For the last thirty years of his life Thomii,s Russell was 
a banker in G-loucester, in partnership with James Skey and others. 
This private bank afterwards became the Gloucestershire- Banking 
Company, 'of which, he .was a director. H© also, served for many 
years on the committee of the Gloucester and Berkeley Canal, and 
died' ill 1851 at GIoiice.ster, of which city both li© aiid^ his son 
were- freemen. 

As^ a ' student in University C'ollege, young Russell had .ihe 
advantage of working under . the most .distinguivshed chemists of his 
time', and of .'meeting, with congenial companionship. . Thomas 
Graham was the professor until his retirement on becoming Master 
of " the Mint in 1855. At this time he was occupied, with his 
famous studies of -the' phenomena of liquid diffusion. George 
Fownes was still professor of practic.al chemistry, but^ he died in^ 
January, 1849, and was succeeded by Alexander WilliamsO'B, in. 
October of' that year, Russeirs- diary states that' he began quanti- 
tative analysis in January, 1848, doubtless under the, 'direction of 
Fownes, but as 'the. diarieS' are m.issing . for above a year, at...this. 
time, there is no record of his associations ..with that 'brilliant: 'man, 
O'li ' April 30th, 1850, '.'Heard that I .'had , the m.edal for the 
".Chemical Essay” is the .entry. O.ther ' notes .show that.h© w'eiit 
to '.hear. Faraday lecture, and that on. May 6,th,,.1850, he "went 
with Mr.. Watts* .to .the, Chemical .''S.ociety toihear the discussion 
'between Frankland; and Holm.ann about ethyl, amyl, etc..” 

..Russell W'as not content with ..listening, to discussions, foi' on the- 
.29th of the, same' month, , "Had. 'a. discussion at the Birkbeck PHL 
, Soc. '. whether'' .' . Priestley or. . S.che;'el6' .. '' w.as . . the greatest philosopher. 
I' '.".spoke: 'for; Scheele; ' discussion ' adjourned.” And ' again, in 
November, " Opo'ned' . the, discxission .'.on The' B new, theory, O'f 
etheriiica'ti'oii','„:'at„ the Birkbeck ''..Philosophi,cal , Soc.” But all .was 
not, science :'an.d:.„worfc,' for., there .are many' entries of dances ,'and 
' 'Heiiry W'atts of .Bictionary fame, ' 
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diliiiei's, lifuvf et;<pccia,r.lY of visits to ilieatres ; aiiioiig ill© laatj 
'November lltlij 1850, ‘'"Went witli Frank and Henry Roscoe to 
llie Olympics Tlieatre tO' see Miss Fauci t/’ etc. Tins' was tlie end 
of liis student time at- University College, 'for in January, 1851, 
Fra'iikland, who- was tlien at tlie College of Engineering at Piitney, 
offered liim tlie post of assistant at Owens College', Maiicliester, 
i;li,en aliout tO' be opened, and where Frankland had been appointed 
tlie first professor of chemistry. On February 8th, 1851, his father 
died, and naturally this event took him away from his work for a 
i;inie ; but by the 'end of the month he was in Manchester assisting 
Frankland with his lectures, the introductory lecture being given 
on March 20tlL Here Russell remained until 1853, when h© 
decided to go to Germany. 

July' 1st: “'Th'© laboratory students met and presented in,e with 
a copy of Temiysonh works as a parting gift, a mos't pleasing and 
inie'Xpect'ed thing to meJ' 

The 'Choice of the laboratory at Heidelberg, where Bunsen was 
professor, was determined on before the en.d of the previous year,, 
for a letter . from Roscoe' dated December 14th, 1852,' contains the, 
Mlowing. passage: am glad'- that you think O'f Heidelberg first, 

bec.ause I, have a great desire to. go there too, and I am 'sure Bunsen 
must be a 'capital man.^' Early in September R.uasell arrived' at 
Heidelberg, and„onTh'e 7th '''Harry. Roscoe, and I went to ' see the 
laboratory, a curious old place very different from the Owe,ns C^olleg© 
oiie.'^ 'Among 'his fellow-students- ■ were, besides Roscoe, Ronalds 
and^ Matthiessen, Dothar • Meyer,. Edmund Atkinson, . Pauli, Her-' 
maim, and" Meidi,ng.er, Experime.Hts on paraffin, which' he had 
I'leg'uii at IJniversi'ty College, were carried on for a time, but soon, 
Birnse'ii sugg'ested other, work, and on. December Ifth, 1854, the 
diary reports, ■''Too'’.k my degreeN Whether the subject .'of his 
thesis wa,s the co,mpositioM of the gases produced i'li, .'flames or' the" 
.research on a method' of esti,!ua.t'ing sulphur ii.t volatile C 0 'm,poun'd,s 
(published ip the QnarL- Jmmi. Ohem,.S()c.f 1854, '.7, ' .212) is .un- 
certain* He seems to have remained ' at' Heidelberg,' until ''tlie 
f ollowiiig, August, when he re'tuimed to London. 

,' After' various, disappointments' ■ and tentative' experiments ,in 
connexion 'with industrial applications "of' chemistry, Russell became 
teacher at the Midland ', Institute, Birmingham, ' and. gave'',, a," 'short 
course' .of .lectures in June,-'. 1857., '.-This 'summer, the ."'.professorship 
at ■ Owens , College, Manchester, fell vaca'nt. by the removal of.' Frank- 
land to .London. . ', '.Russ'Cll be'Camo'-'a candidate, ' but his, fri'end Henry 
RoscO'e, '' his, .senior' by , three. ' years, rec6,ive'd'.;' ".the '.'appointment 
Russell 'return-ed, at J'he .end.'-'of 'th©'. year . to 'University 'College, .'and 
on ' December , .7th .'went'; to,: .the..-:'lab'or,atory, ' 8 ,aw,,'W'ilHams' 0 n,, ':End 
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he ex|)laii:i'ed iiis gas apparatus to me; ilie thing :is altogether 
in an impracticable form/' This, ho'Wever, was followed by a long 
investigation; wliich resulted in two papers Jointly with Di,\ 
Williamson (Proe. Eoij, Soc,^ 9, 218; Journ, Oheni. 1865, 

18, 238), and two others independently, on gas analysis and on, 
the application of the measurement of gases to, quantitative analysis 
(Journ. Ghem. Soc., 1868, 21, 128, 310).' While this work in tlie 
laboratory was going on, Russell conducted the evening classes in 
chemistry at the college, and gave a course of practical chemistry 
ill the school. During the first session of the Albert Veterinary 
College, he gave the, course of lectures on chemistry, and in J uly, 
1860, was appointed lecturer on natural philosophy at the College 
for Ladies, Bedford Square (Bedford College). He was now pretty 
fully occupied with teaching, but it did not prevent activity in 
other directions. He had attended several meetings of the British 
Association, and at the Oxford' meeting- in I860' Russell took a lead- 
ing part in the foundation of the famous' dining club, known, as 
the '' Bs."' , - An interesting account of some of its proceedings, was 
given in Br. Scott's Presidential Address, March, 1916 (T., 1G9, 
342). The diary tells iis that the rules of the club were drawn up 
on July 23rd, ^'the first meeting of our dining society " was on 
November 6th, and another meeting took place at the Cheshire 
Cheese on December 4th. 

In October, 1861, Russell became engaged to Fanny Follett 
Osier,'*' a daughter of Abraham Follett Osier, the well-known glass 
manufacturer, of Birmingham. They were married on August 21st 
following, and took up their abode at 8, Circus Road, St. John's 
Wood. In 1865 he was appointed lecturer at the Royal Albert 
Veterinary College, and in the following February he bought the 
house 34, Upper Hamilton Terrace, which remained his London 
home to the end.. ' 

' ,' In 1868 Russell was appointed to the post of , lecturer ' at St., 

, Mary's -- Hospital, '. previously occupied by vMatthiessen, ' and his 
activity; may be, estimated by' recalling , the facts that during the 
seven, ' or eight years immediately . previous to* this time ■ he had 
continued Ms , teaching 'at, , University College' and at Bedford 
College. " He also attended meetings of the British ' Associatio'n, 
"--and on- the last two 'Occasions, had served as one of the secretaries' 
of '^, the -Chemical- ,Section. He worked assiduously at gas analysis, 
■and ■ in conjunction with Williamson - published several papers' on 
■'-'the: subject)-;, in ' the Proceedings of ' the,,. Royal Society and- in the 
,' Journal- -of the ''Chemical Society. He had/ also investigated jointly, 
',with' Matthiessen , the , important question as' to the' cause of the 

''*, -,S,he .died , i5th;.187'L''.leayiBg a son -and a daughter; 
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veHic!iiiar .stxiicjiiiire oi' copper. They sliowed this phLenonienon 
is observed wlaoB, copper is melted under charcoal only wlieu oxygen, 
or air is passed through the metal, and they inferred that the 
peculiar striicture could only be attributed, to the formation of 
carbonic oxide arising from the reduction of cuprous oxide within 
the mass by charcoal. The cavities in the metal are always um 
tiirriished, and hence cannot contain any oxidising gas. In 1863 
he had comn:n,iiiicated to the Chemical Society some important work 
on the atoinic weights of cobalt and nickel, and ' was led to the 
eoiicliisioii that, they are practically identical, the value found for 
Co^' being 29*370, whilst that for was 29*369. The method 
consisted in the reduction of the protoxides by hydrogen and deter- 
mination of the weight of the resulting metal. In 1869 he pub- 
lished further ' experiments, in which the same metal used in the 
former work was dissolved in dilute hydrochloric acid, and the 
evolved hydrogen was^ measured. The results were practically the 
same, and the atomic weights of the two metals .were' consequently 
supposed to be represented by the same number, namely, 29*3' or 
thereabouts. This was in accord with the view prevalent, fifty 
years ago, even after the discovery of the periodic law. The 
problem, presented by these two closely allied elements, however, 
attracted a large number of -chemists, and the idea of the identity 
of '.' their atomic weights has ' had .to . be ahandoned. This may 
perhaps be partly attributed to advance of knowledge as to the 
properties of the two elements, including the discovery of nickel 
carbonyl, the decomposition of which affords a means of separating 
that metal completely from all' 'other 'Sitbstances. .There .can, 
be' no doubt now that the atomic, weight of cobalt is greater than 
that of nickel,, .and practically' 'in. the 'ratio ..given.'; in the Inter- 
national Table of Atomic Weights, namely, , Co;: Hi r :68,*97 : 58*68,, 
when 0.==16. These values agree with the result obtained by .com- 
paring the . specific heats, . namely, 59*01 : 58*70. ■ At" 'St. ..Mary V 
Hospital, Eiissell remained about, two^ years,, but in December,' 
1870,. he was appoi.nted to the' lectureship at' ''.St.. Bartholomew',’s,,, 
left vacant :by. the, unhappy "death of - his .friend, MattHessen. ' .'A. 
new ■ laboratory had, been very recently built and had, .been /ready 
for' occupation' at:. the commencement of. 'the session., in,.' October,;. 
Here .. Euss'ell c.ontinued.' ., his work until 'he : retired . f rO'in. all . te/aching 
in. ,1897.:.,, 

■...A"word 'inay here 'be,'said',:,'on the ..subject of BusselFs .qualities, ''as'' 
a teacher. , He was wise',enough.,to 'perceive ' that, the* cours©.,of 'Ole-,', 
ma'ntary.'' .chemistry; usually. 'foll'^^ unsuitable for medical 

Btudents without modification, and the change he introduced uh- 
dmibtedly'affected the .course. of,. instraetion in O'tiier medical schools 
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aiid the syllabuses of examinations, such as those of tlie CJoii joint 
Board. AM this led to great improvement in the attitude of tlie 
students of medicine toward the chemical subjects^ for wlieieas 
there had been previously not only reluctance to attend, but fre- 
qiieiit disorder, they s'oon recognised the sympathy of their present 
teacher, and there was little, if any, trouble during his connexion 
with the school. The diary gives evidence on, this point, for on 
January 11th, 1871, the entry is: Gave my first lecture at 
Bartholomew's; went off all right," and on the “'Lectured 

again; students perfectly quiet." As to other difficulties conse- 
quent on the many changes which about that time arose not only 
in the requirements of the medical curriculum, but also in the work- 
ing of the School itself, we have the testimony of Dr. Samuel West, 
who was then working in the laboratory with Bussell, that they 
were met "with invarmble good humour, willingness, and courtesy," 
He seked the oppor&ttnity of becoming President of the Chemical 
Society to deliver in 1890 an address setting forth his views on the 
teaching of chemistry to students of medicine. These were inspired 
with his characteristic good sense. . But it was not only in relation 
to medical students that his interest and sympathy were engaged. 
He had great experience as a teacher of elementary chemistry and 
physics to young people, both at University College School and at 
Bedford College, and after retirement from the lectureship at the 
latter institution he became chairman of the Council and took an 
active interest in the development of the College. Part of Ms 
success as a teacher and examiner probably arose from the habit of 
Ills mind, which was more attracted by facts and phenomena than by 
theories concerning them, , He was certainly not on© of those who 
delight in the manufacture of hypotheses, and all his own work 
and teaching were directed by unaffected good sense and clear Judg- 
ment, 

In 1872 Bussell was elected -P.B.S, He was elected, into Ahe 
Royal Society Oub .on June 26th, 1879.- In 1873 he 'was . president 
of the Chemical .Section of the British. Association at Bradford. His 
^address was chiefly devoted ■to the ■ very ' appropriate ■subject of 
■alizarin, the history, of the discovery of its constitution, and of the 
then recent synthetical .production of this ■■important colouring' 
matter.' 

The Journal of the Chemical Society contains, in January, 1874, 
a -^ery interesting paper on the action of hydrogen on silver nitrate' 
in which it is shown that hydrogen passed into a silver nitrate solu- 
tion causes the deposition of metallic silver in quantity equivalent 
to the hydrogen ■vvhich is absorbed, provided the solutioii is pre- 
vented from becoming acid by introducing a small quantity of silver 
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oxide. .11’ ilio Iii|iiicl becomes ;.ieid in eonsequence o!‘ llwj displace* 
itieiit of tlie silver, nitrous acid is fornusd and tlie reaciimi becomes 
more complicated . 

About the same time e^xperimeiits liad been, going cjii iu liis 
laboratory on a method of estimating urea in urine for clinical 
purposes, and in August, 1874, the Jownal contains a paper on the 
subject published Jointly with Dr. S. West. The method was based 
on the action of hypobromite on the fluid and measuremeiit of the 
evolved gases. This was followed up in the wards of the hospital, 
and in 1880 the authors published their results in the Proceedingii 
of the Koyal Society (No. 204, 1880). 

Various other researches were carried on, and at the same time 
Bussell became involved in several technical inquiries which took 
up practically all liis spare time. In 1875 he was also appointed 
one of the examiners in chemistry to the 'University of London. 
His colleague for some time was Boscoe, and naturally the London 
man got his full share of the work and the attendances at examiners' 
meetings. In 1876, also, the movement began within the Chemical 
Society which resulted in the formation of the Institute of Chem- 
istry, ' and B/UsselTs attendance, at seve.i:al ' initiatory meetings is 
recorded in the diaries.-. He became ■ president of the Institute in 
„ 1893, and served for three years. About this time, the subject of 
absorption spectra attracted his attention, and lie spent much time 
working with Professor Lockyer at South Kensington* ^ The result' 
was a paper in the Proceed/mgs of the Boy al Society, 1880, on the 
,absorption spectra of cobalt salts. But more important results w-ere, 
published . (in , conjunction with W. -Lapraik) the next year oil' 
‘^ Absorption Bands in the Visible- Spectrum produced by Certain 
Colourless Liquids,’^ .Hartley, a'lid Huntingto-n had .already studied, 
the absorption in the ultra-violet' (Pmx, '188(),' 28, 233), 

whilst Abney and Besting had.' observed the absorptio'ii in the infra-' 
red end "of the spectrum produced .by coloiirless , liquids ,, (i¥oc. 
Mog, Soc,,' 1881, 31,. -416),- -hut . the visible, portion of the 
spectrum, had not previously -been, examined',' and. ,' the discovery 
of, bands 'in this part of- the spectrum produced , by the -alcohols' 
'.and colourless' hydrocarbons, - has- -'led - to, a' vast . amount of .work,' 
by .others '-since, that .date. .The' - study' .of absorption/ spectra^ 
interested ' Russell very much, .and' there was another paper, "also 'in 
',-CQnju,nction','with Lapraik, in the Journal -of." the Chemical ./Society'' 
(1882)' on , chlorophyll, -t but, -as',he ,'.himself , stated, "' the expectati-O'iis 
' -which '-"had, been raised ' and, the. -hopes .entertained ^ when absorption- 
/8pectra,,',L©-gan .to be' 'studied -w.ere'.'-notdhen fulfilled; -nor can it be- 
■said, that ': they -hav,© been' since* ''.'' -This., : however,; cannO't be regarded' 
■:'-as,-' an .p^gu-ment against; 'carrying -on' such-';in'v6stigation®'| rather the^-. 
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coiiirarys for inability to deduce detiuite coiicliifcjioiis merely iiitli" 
cates a state? of imperfect knowledge. 

All kinds of problems which possess a direct practical interest or 
rain© always attracted Russell, and this led him to devote a great 
deal of time to the examination of the air and rain of London » 
St. Bartholomew’s Hospital Report (Vol. XX.) contains a record 
of work done in 1882-3 on the carbonic acid in London air, whilst 
the Meteorological OfEce Report for August, 1885, gives the results 
of a laborious inquiry into the nature and amount of the imp tiri ties, 
solid and gaseous, in London air. 

Another subject which occupied much time and attention was 
the study of the action of light on water-colours undertaken in con- 
junction with Sir , 'William Abney at the request of the Science and 
Art Department in 1886. The first report was issued two years 
later, and contains an elaborate scientific discussion of ■ the nature 
of colour and the constitution of various lights to which water- 
colours are exposed, as well as the influence of moisture and air 
and til© extent of the chemical changes observed, The conclusions 
to which the investigators came may be briefly summarised in the 
statement that mineral colours are far more stable than vegetable 
colours, that moisture and air together are essential to the produc- 
tion of change, and that it is the blue and violet components of 
white light which are chiefly concerned in bringing about fading 
in the pigment. One of the difficulties of the inquiry arose from 
the fact that one of the main objects of the investigation was to 
ascertain what changes water-colours would be liable to if exposed 
to iisual indoor conditions during at least an ordinary working life- 
time. Fortunately, twenty-six of the colours originally subject of 
inquiry had been preserved by- Mr. ;T. H. Russell in his father^s 
house, and in, 1914 they were' examined hy himself and' Mr. .Edwin 
Bale,, R.,I. The' results of 'their exa.mination are' recorded in the 
Journal oi the Imperial Arts League,- and' have .been reprinted in 
the form' of a pamphlet, ' which '.has .been published by Messrs. 
Wiiisor'and, Ne'wton, Ltd., so that artists can .select for themselves 
til© colours which are known to be the most durable. 

An , -inquiry of, cognate character.- wa.s directed as to the state of 
't,h6'Rafia6lIe Cartoons at South Kensington. . Tliis Russell reported' 
on, in' -July, 1891. ^ Ancient Egyptian pigments were" also, subject 
■of -. a -.lecture he gave ,' at the Royal Institution in March, 1893. -' 

, ■ It-,is time, ho'We'Ver,, to -refer to his 'long connexion with the.Chemi* 
-cal'- .Society, - 'of ' which was elected -a .Fellow on March 3rd, 186,1,' 
■.'.(before^-'he'' was twenty-one year^ of„,age), and of which' forty, years, 
later he' became' president. ., Absence, .in Germany and .at. Manches- 
ter sufficiently" accounts-'for'- the-';’ fact -that th6:-,diarie6,, give, no eyi- 
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cienco of ills atteiidauc© at tlie nicetiijgtj for yevorai years after 
electioii;» 'but from 1857 onward I 10 seems io have attended fre- 
quently ill every year without a break down to^ the year of Ixis 
death. In 1863 lie first Joined the Conncii, and thereafter he was 
an active member of various committees connected with the Society. 
He was elected Treasurer in 1876, and held that office until elected 
President in 1890. The great event during his occupation of the 
chair was the celebration of the jubilee of the Society, in 1891. As 
President, Russell took the chair at the dinner on Febniary 25th, 
1891, and the occasion was distinguished by the presence of the 
Prime Minister, Lord Salisbury. The diary characteristically 
reported that it went ojffi very welld"' 

A series of experiments undertaken with the object of repeating 
Becquerel's observations on the photographic effects produced by 
comioounds of uranium resulted in the remarkable discovery that 
7inc and a number of other metals produce a similar effect. The 
first announcement of the fact appeared in the Proceedings of the' 
Royal vSociety for 1897. And the, prosecution of the work led' to 
the, further discovery that not only metals, but varnishes, printing' 
ink, ".and a variety of organic substances share this property. The 
results were collected in a second paper, which formed the Bakerian 
Lecture for 1898. The effects were soon traced to the formation of 
hydrogen peroxide, and in March, 1899, a third paper was com- 
,munioated to the Royal Society under the title “Hydrogen Per- 
oxide as the Active Agent in producing Pictures on a Photographic 
Plate in the Bark.’^ One remarkable point brought out in these 
experiments was the exceedingly minute quantity of the agent 
which w,a3 competent to produce the, effect. TIi© inquiry was pur- 
sued for some years, and the. effects on -a photographic plate pro-, 
diiced by sections ofwarious woods 'provided a fascinating,' subject, 
which was developed with ma'iiy beaiitiful illustrations ' and com- 
inimicateci to PMkmpMcal Trammtimis for 1904. , Two later 
papers described .the 'effect,, produced by: leaves: and other' par'ts of.' 
plants, a.lsO' by resins. In.l897, B,usselt .had .resigned the,; office". of ^ 
lecturer at '.St, Bartholomew’s. Hospital, 4 which I'le had held, .for so', 
many years, and a:fter this, time his,.. experimental, work .was: done: at, 
the .'Davy-Faraday . Laboratory, ■ -.Here, 'also, he carried;; exit ' the. 

' experiments on the Form'ation. of'''B 0 ff.nite Figures by ^ the,' Depoa.i- 
tion '.of , Bust/’ which were ’ published .'in,, the Philosophicdl Transao 
tiom foir'1903.. An explanation on'.'physical principles of the forma- 
tion of 'these ,curiouS',deposits",.w.as' soon afterwards given by Mr, J. 
Ai.tken,,'F3.*'.Sv..,;('Pfoc* ,'jKoy7, <S^o'c.r'..1904,^ ■ 

. Russell was elected under Rule II a member of the AtheB®um 
Club on February 26th, 1889, The rule provides for the annual 
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iiitiroduciion <.>f a small number oi‘ ''persons of 

eminence ill scieiicej literatau'e, or the arts, or for public services,"' 

A few years later Eiisseli became a member of tlie Comiiiittee. 

Russell delighted in the country and in all sorts of natural objects 
and ill scenery. He had travelled a good deal on the Continent 
■of Europe^ but his own country supplied him with all the enjoy- 
ment he needed in his latter years. And he was a most genial host. 
For many years^ from about 1832, he had a house on the edge of 
Dartmoor, Scorhill, near Cliagford, and there he delighted to show 
his visitors the views of sunsets over the moor or the curiosities o:f 
form among the tors. Notwithstanding its attractions, the diffi- 
culty of access to this retreat led to a removal in 1897 to St. Ives, 
near Ringwood, Hants, a house surrounded by beautiful planta- 
tions, including extensive rhododendron avenues. Here he enter- 
tained frequent visitors, and the annual excursion' into the neigh- 
bouring New Forest at Whitsuntide was an event for pleasant anti- 
cip^ation. It was delightful to accompany him in visiting his 
favourite trees in his own grounds, and to share tlie evident enjoy- 
ment with wliich he discoursed about their history or peculiarities. 

In August, 1909, he left London as usual, and went to St. Ives. 
He had, however, been failing in physical strength for some time, 
and tliO'Ugli in the early part of' the summer he had' dined out 
several times, there is an entry in the diary , on July 18tli, "hTaken 
ill/^ and on August 10th, ''Went to Ringwood.'’’ Here, after a 
short illness, during which lie was unconscious, he passed quietly 
away. 

W. A.. T., 


FRANCIS SUTTON. 

Bobn Febbuakv 19th, 1831; Died Apkil 16th, 1917. ' ' 

The name of Francis Sutton 'is known throughout the chemical 
world, by reason of his , authorship of' "A, Handbook of Volumetric 
Analysis/' which has, been 'recognised, as the standard work on' the 
subject for the past fifty years, - Ten editions of the work were 
published during ill© author’s life, 'and each edition lias kept well, 
.abreast ','Of the current work in this' bra,nch of analysis. Sutton 
'Contributed but 'little o,rigmal', matter to analytical chemistry his 
strenuous lifO' and'. professional engage'ments never allowed Mm, time 
for 'development i'B, tMs direction, although, Ms natural aMlity and,; 
grasp of , the " Science , 'might,,., in .other circumstances, ' have enabled 
Mm to become a 'great chemist..,,' 

,, " 'Francis Sutton,' was an , only' son,., born 'On Fe'bruary/lS'th,. T83i,: "at". 
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Great/ ]?iiimstea,-d, a village near Norwicli, Norfolk. His father^ 
Francis Sutton, was a small fanner and farrier witli a local veteriii" 
ary practice. Tlie son received liis earliest education at the village 
school of Bloheld, twO' miles distant from his home, and later 
attended a private school in Norwich, riding daily the ten miles 
to and fro by pony. 

At the age of fourteen yo-ung Sutton was placed with a Mr. 
Harper, a druggist, of Norwich, wdth a view to acquiring some 
knowledge o-f drugs and chemicals prior to being sent as a student 
to thO' Veterinary College in London, for his father intended the boy 
to become a veterinary surgeon. The study of materia medica, 
botany, and chemistry was found so interesting that with his father’s 
consent he was apprenticed to Mr. Harper and remained with him 
as assistant until 1851. 

Then, at the age of twenty, Sutton decided to join a former 
fellow-appr entice who had started a druggist’s business in West 
Clayton Street, Newcastle-on-Tyne', and it is of interest that the 
journey to the northern town was made by sea in a small coasting 
vessel from the now dead port of Blakeney on the north Norfolk 
coast. Thus he was brought into contact with a then growing 
centre of ■ chemical industry ' and. study,' and while practising 
pharmacy had opportunity of becoming acquainted with men inter- 
ested in pure and applied chemistry, among others Joseph Wilson 
Swan and John Pattinson, who remained life-long friends. A Dr. 
Glover, a physician of Newcastle, who devoted a good deal of time 
to medical chemistry and analysis, and subsequently became physi- 
cian to the. Koyal Free Hospital, London, took much interest in the 
young pharmacist of West' Clayton Street, blending him .books, em- 
ploying him in various chemical experiments as an assistant, and 
advising him to take tip seriously the .study of scientific chemistry; 
As a result of this help and enco'ura.gement, Sutton, in such, time as 
was available, attended the lectures and worked in' the laboratory 
of Dr. Eichardson, then lecturer. in chemistry at the,,, Newcastle 
College of , Medicine— at That early .date associated with the . Uni-' 
versity.of Durham, and .later known .as the- University of , Durham 
College, of , Medicine. It was, , however, through Dr.' Marre'co, then 
assistant to', Dr. Eichardson, ■ that . he received,, his, main iBstruc'tio.n 
in the theoi*y,,and practice of .chemistry, and laid , a, firm, and 'sure' 
foundation for, iiis 'Subsequent' .interest and; achievement in That 
science. '' He must have- be,en„an"apt and .earnest pupil, for, as , junior 
■ partnei'Tn The' druggist business, m'o.8t'"of the day was fully occiu 
'"pi'ed, ,'aiid 'his" lectures '■'and, la'liorato-ry' work, 'had' ,to,, be,'sn.atched':,at 
.■odd .hours. ■ ' . 

'■'■, FIIh rasideriee in Newcastle and Die opportunity for iustriietiori 
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came to an abrupt end in November, 1854. His old master at 
Norwicli was dying, and an urgent appeal was made tO' Sutton to 
return to‘ Norwicli and manage the business in wliich lie had served 
his apprenticeship. He did so, and. settled in Norwich, carrying 
on the pharmaceutical business in partnership with liis late master’s 
widow, and subsequently alone, until growing interests necessitated 
taking a partner. Meanwhile' his keen interest in chemistry and 
chemical analysis was maintained, and led to part of the business 
premises being converted into a laboratory. * At this period the 
work of Lawe'^ and -Gilbert at Eothamsted in the use of artificial 
fertilisers was beginning to receive the attention of agriculturists, 
and Sutton turn,ed to the study and analysis of fertilisers. By 
advocating the new ideas among local farmens and advising and 
helping them, he established the nucleus of an analytical and 
consulting practice, w'hich quickly developed. 

In 1870 he originated and became managing director and part- 
ner in a chemical manure works at Runham, Great Yarmouth 
(Baly, Sutton and Company, Ltd.), where the manufacture of sul- 
phuric acid, hydrochloric and other acids, as well as superphos- 
phates, chemical manures, and sulphate and chloride of ammonia 
was carried on. The works and business were disposed of in 1893 
to Messrs. Prentice Brothers, Ltd., of Stowmarket. 

While at Newcastle in 1853 Sutton had become a member of the 
Pharmaceutical Society, and in Norwich his ability as a pharmacist 
was quickly recognised. He was elected to the Council of the 
Pharmaceutical Society in 1870 and continued to serve until 1876, 
when he finally abandoned pharmacy and disposed of the, business 
to his then partner — in'urder to 'devote, his time to' his, consulting 
and analytical .practice and other -interests. While serving on the 
Couxicil of the Pharmaceutical Society he was' chosen as one of the 
'two delegates to represent .-Great Britain -at the ' International Ph'ar- 
-.niacGutical Congress in St. Petersburg in 1874, and. was afterwards 
elected ,a co-rresponding member . 'of the Imperial Pharm,aceutical 
.-Society of th.at city -and also of the-Apotheker- Verein -of Tienna. 

, - Sutton's earliest .contribution- to scientific' literature 'was in the 
form of two.' papers., published in the Ghermml.Ne'im 'm '186'0,, .on' 
the, volumetric- determination' of phosphoric acid by uranium. In. 
1862 the first edition of his” Yolum,etric Analysis' was published'; 
'.it was-a small volume ' of '2 7 3"' pages; the second edition follo'wed 
'mu'e years later in ' 1871, a.nd'was much -more ambitious a-nd 'co-in- 
prehensive. " .'Professor- H. McLeod - contributed a. section, on gas, 
analysis, " and',-, ".the late -Mr.-' William- .Thorp c-oiitribiited to-' the 
s©ctio-n''on. water - analysis.- The latter, 'by advice and correction," -of 
proofs, - gay©',' acknowledged, '-A'ssistanee- in ' 'many '-snbs'eqnent' -.-edition's.,^,. 



OBITU-AIir IS-OTIOKS. 


353 


Tile fourth edition was translated into French by tlie late Br, Ct 
and piiblislied in Paris in 1883. Tn all^ ten editions were 
published in S’utton^s lifetime, the last being edited by his son, 
W. Liiicolne Sutton, and A. E. Johnson, 

The period of life between 1860 and. 1876 was an exceptioiiall}^ 
full one, for' Sutton, while carrying on simultaneously a very suc- 
cessful pharmaceutical business, had established and developed a 
considerable analytical and consulting practice, published the first 
and larger subsequent editions of his book, and had founded and. 
was managing the chemical works at Yarnioiitli Pie had been 
appointed analyst and consulting chemist to the Norfolk Cliamber 
of Agriculture, public analyst for tbe County of Norfolk and 
Borough of Great Ya,rinouth, and gas examiner to the City of 
Norwdch. For many years he was in considerable demand as an 
expert witness before Parliamentary Committees and in the Law 
Courts. 

P'rancis Sutton undoubtedly possessed great natural ability and 
versatility and had wide interests. In his pxinie he was a strikingly 
handsome man, with finely moulded head, aquiline nose, full beard, 
and ruddy complexion. His generous nature, sociability, and love 
of ''good company endeared him to a wide circle of friends; 
another personal trait was his beautiful handwriting. Pie took 
an active part and held office in various local scientific aud other 
societies, such as the Norfolk and Norwich Geologists’ and Micro- 
scopical Societies (both now extinct), the Norfolk and Norwich 
Naturalists’ Society, of which he was at one time president, and he 
•was an originaP member of the Norwich Science Gossip, Club.. .He 
was a great lover of music,- and possessed considerable kno-wledge, 
of classical and operatic music. He was an active ■ member, of the 
Norwich' PhilharmoMc Society for over forty years, and played the 
clarinet and later the oboe in the orchestra, ,He served for many ■ 
years on the general committee .'and- committee of, maiiagemenV 
of the Norfolk and No-rwich Triennial Festivals. ' He, was an onmi- 
vorous reader, of catholic taste, -and served ,, for ,ma,ny, years on .the 
committee of the' Norfolk ..and Norwich. „Librar 3 r,,, some time as pre-* 
sident. ,Througho-ut„hi8 long.. life his . chief , outdoor r 0 creatio-,:ir was 
fishing, a sport in, which he took' general' interest. He.' was, .appointed 
a, 'juror to the original Fisheries ' ExMbitio'n held in- Norwich in 
'188,1, -''and also,, in the- Int'ernatio-nal-,Fisheries,''Exhihitioii, ,-of''1883 held 
-, in,' Eohdoii. " -, 

.'Francis. 'Sutton,' married '.'in''18,59,,,.Mari'anne .Harr:ie,tt, ',theyo.u.ngesfc 
,' and, " .eleventh, child of William- Lincoln©," of Haleswortb, . 'Suffolk, 
and.'had -.issue, -seven -. children,' three :'Sob.s. - and - four -daughters., all -of 
,' .whom;;, 'lived ::'-to.'m,,atnrity;Vand ''' 
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A¥ILLIAM HENRY SYMONS. 

■ Born November 16th, 1854; Died August 25th, 1917. 

The ranks of the Public Healtli Official Service suffered tlie loss 
of a most capable and eiitliusiastic member by the death, on 
August 25tli, 1917, of Pr. William Heimy Symons, for ^ twenty-one 
^mars Medical Officer of Health of the City of Bath. 

Born on November 16th, 1854, Dr.. Symuns, a native of Diiiister, 
first adopted chemistry as a' vocation, and becoming chemist to 
Messrs. Idris and Co., aerated water manufacturers, of Camden 
Town, rapidly acquired a considerable practice , as a consulting 
chemist. During this period he became a member of the 
Chemical Society in 1874, Fellow of the Institute of Chemistry in 
1888, and published various papers, among them being: .^^A new 
method for the detection of various starches/^ '‘The detection ■ of 
sodium in lithium carbonate,’^ “Ulexine, an alkaloid from the 
common furze, “The difference between ulexine and cytisine/’ 
and a paper in the Tramactiom “On the volumetric determina- 
tion of carbon dioxide in the atmosphere/' His inclinations were, 
however, towards the application of chemistry to medicine, and 
entering St. Bartholomew's/' he obtained the M.R.C.S. and 
L.R.C.P., and the M.D. Binissels in' 1894, and the D.P.H. of 
Oxford and Durham in the following year. During this period 
he acted as assistant demonstrator , in materia niedica, was examiner 
under the Pharmacy Act, published papers on “Ipecacuanha," and 
edited the “Year Book of Pharmacy."' ^ For a short time, he acted 
as Medical . Officer of Health to 'St. George's, Southwark, ■ and was 
appointed to the City of Bath in 1896. During the twenty-one 
years in which he held this post, he. inaugurated a, completely new 
r%im.e' with regard to, the municipal ' health department, and his 
elaborate reports on the .health of the city were greatly valued by 
the. Corporation. His wo.rk in '■ connexion with. child welfare at 
Bath ' “brought this branch of'- .public health work to a high' 
standard, ^of 'efficiency, . and his efforts to secure a .thoroughly . satis- 
factory .'midwifery service 'in the .city,- embodying the provision of 
the Municipal Midwiv-es Act, were .fruitful of good results." ■ For 
some, '.-years '.he 'was a', member of the council of the , Society of 
'Medical ' .Officers, " and president of the W'est of England branch 
■iiiT91L ■ 

-■'-His 'interests" were 'wide : he, -had made a special stu.dy. of 'town 
'planning, 'and- in; this -connexion '.frequently, visited -.the" -Go-ntiiient.; 
lie., also took ','an active ..p.arfc i,n th-e-,o-rga-nisaticni. ' of -"the . Wensle-y 
'Sanatorium, near '.Ba.t'h,, 'for,' tiib'erciil'osis. :'One'', of I'liS: hobbies' was 
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iiietcorologyj and it was tlirougli liis energy ilia,!, i'lie iiieteorologica! 
de|>artnieiit at Bath was laodeniised, several stations equipped, 
'atid for tile lirsfc time a series of careful observations recorded. 
This was obviously of value to a city famous as a health resort, and 
led to his appointment as City Meteorologist and a member of the 
CoAinittee of the British Association appointed to investigate the 
effect of climate upon health and disease. 

lie was a well-known member and fellow of the Eoyai Sanitary 
Institute, and contributed to their Jourruil and discussions. 
Among his contributions, not previously mentioned, were the 
following: Cancer in relation to the dwelling/’ ‘'‘’Ventilation,” 

‘‘The life-history of Musca domestica^^ (and it may be nieiitioiied 
that he was a pioneer in the crusade against the fly danger), “Flies 
and refuse heaps,” “Distribution of phthisis.” 

In the obituary notice in the Journal of the Royal Sanitary 
Institute, one of his friends wrote as follows: “One of liis most 
'kr iking personal qualities wms his great enthusiasm in whatever 
lie undertook ... no on© who was brought into intimate relation-: 
ship with him ever harboured any un'kindly sentiment towards 
him. The golden qualities which made him a model husband, 
father and friend, were, somewhat cloaked by an excessive natural 
reserve, but these qualities were bountifully disclosed , to many 
friends and colleagues who mourn his loss and who will be inspired 
by the memory of his friendship, and the earnest endeavour which 
secured for him the reward of much good work accomplished in the 
sphere of public health.” F. F. 


THO'MAS TYRER. 

.Bobn Novembee 17t:h, 1842; 'Bieb Feb.rua.ot 21st, ,,1918. . 

The sudden death of Mr.. Thomas Tyrer, which took place at his 
residence, 14, Sandswell, Mansions,,,',,Hampstead, , .on Thursday, 
February 21st, : is already generally- ■known to the chemical world 
'at large, and it cam,© as a great" shock ’.to such, intimate friends ;as ' 
the writer, who had the privilege of. being .one of his closest, friends, 
.and w,as", 'associated,,, with him both 'in dmsiness ' and private for 
some twenty-nine years. , ' 

Although of 'good' age, ',there ..was .-a,' fair', prospect of further years' 
of .'useful life, but the death of: Mrs'.,'„ Tyrer and, 'a recent, , operation'' 
''for,' cataract, „BV.identIy affected, his 'health ,aiid "tended to, hasten,' the 
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Ail) one wiiu was treated by Mr. Tyrer as a- sob or yoiiiiger 
brotiietj ill© v/riter feels that (beyond tiie great loss sustained 
by cliomical industry) the world has lost a good man- 
one who was generous and good-hearted, always ready to acknow- 
ledge and help forward others, even at the expense of himself. 
Although somewhat hasty in temper ■ (like many other great iiieii), 
Mr. Tyrer never knowingly allowed his feelings to injure or hurt 
anyone, and as a friend and adviser would spare no trouble or 
expense to render the very 'best possible help, his help being by 
no means confined to those who could claim strong personal friend- 
ship. In business he was generous to all who in any way showed 
themselves faithful and earnest, and he had no sympathy witli 
those who believed that in business the great and stron^g are 
justified in ousting ’’ the smaller and weaker man. 

He was able quickly to grasp the salient points and master the 
details, of any matter placed before. him, and his sound reasoning 
and extensive and general knowledge made him a valuable coun- 
sellor, whilst lie was also possessed of great diplomatic ability. Had 
h© turned his thoughts towards political life he would doubtless have 
become one of the leading men in the government of the country. 

As has already been mentioned in the various trade journals, 
Mr.' Tyrer ’s connexion with commercial and industrial chemistry 
extended over some fifty-five .years. ' He was born at' Wolver- 
hampton in 1842, and received his education from his father, who 
was a schoolmaster, from whom he also acquired his habit of fear- 
lessly speaking the truth 'to all and in all circumstances where 
necessary. 

He was apprenticed to a manufacturing chemist named Wild- 
smith at the age of fifteen, and he entered, the Royal College o,f 
Chemistry in Oxford Street (now incorporated in "the Imperial 
College, of Science) in 1861, and studied here under Hofmann, his' 
experience with whom .and with his iellow-siiidents being always 
■a lavoiuite theme for conversation. 

:^He also studied biology under Huxley ' and ' physics imder , Ty.i.i- 
dall, but owing to the condition of his finances he had ,to reliiiquiBh' 
these studies and becara.e technical manager to 'Messrs. May. and 
Baker, '.of Battersea, of which firm he .subsequently became' a 
partne.r. b 

'/Meanwhile, he w.as .'acting '-'as' honorary .lecturer in chemistry to 
a W'Orking''ni.an'’S'institute'. .His partnership with Messrs. May and 
■'..Baker . terminating in 1889, he, 'on January. '1st, 189 ' 0 , acquired 
from^. Messrs. '..Dunn 'and' Co.’ 'the Stirling '.Chemical Woi^s, 'Strat™ 
ford, which',',. ill' 18 . 98 , w,as',for,med'.''intO'".a' limited liability com pa:i.jy 
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(TliOJi!,as Tyrer and Co,, Limited) ; of tlik lie becaai© managing 
director, and held this position at the time of Ms deatii, 

111 1912 lie undertook the manufacture of celloii aeroplane dope',, 
and on the outbreak of war in 1914 he was able to extend and 
keep pace- with the demand. Later on, by the erection of one of 
the best equipped factories, he added largely to the output, and 
was able to cope with the continually increasing requirements of 
the Government, due to the war. 

Outside his business, some of the widest known work he did was 
in connexion with the duty-free alcohol question and the founda- 
tion of the Society of Chemical Industry. As chairman of the 
Chemical Trade Section of the London Chamber of Commerce, he* 
ill conjunction with David Howard, Charles Umney, and others, 
took part in obtaining the grant of duty-free spirit for medicinal 
and other alcoholic preparations to be sent abroad, and thus enabled 
English manufacturers to^ compete with the foreign trade in these 
products. 

He was also successful as a member of the Industrial Alcohol 
Committee in obtaining the reduction of the quantity of wood 
spirit used in denaturing alcohol (for use in nianufacture) froiii 
10 to 5 per cent. 

In connexion with the Society of Chemical InduBtry, which was 
really instituted by a meeting of chemists convened by Mr. Har- 
graves at Widnes in 1879, and subsequent meetings ' at ; Widnes, 
Liverpool, and Manchester (known first as the Widnes and Run- 
corn Chemical Society, and later as the Lancashire Chemical Society 
and the Society of Chemical Engineers), Mr. Tyrer was most active, 
and may be said tn have been .one of its principal founders. In 
April, 1881, a meeting was held at Burlington House, at which Mr. 
Tyrer, with G. E. Davies, Roscoe, Abel,' Ludwig Mond, Spiller,, 
and O'ther famous chemists took 'a most prominent part, ,Mr. .Tyrer 
suggesting that the society be called, the .Society, of Chemical Indus- 
' try, 'and this suggestion was adopted' in spite of opposition.. He. was 
.honorary secretary of this society for ten 'years, chairma.n, of, the 
London Section 1890—1892, president 1895 — 1896, and, hO'iiorary 
'treasurer' from 1908 (after the-, death of Mr. Hall)' to' the date, of 'his' 
'' death.,'' 

'During the ,w,hol©' time he .served ' the council .in eve'ry''dire'Ctio"'n,' 
and '.his, energies M' this' connexion '' 'aided inateri,ally in' bringing' the 
society,' .from ' a' small,, beginning, to one of '.the, .largest, the''' member's 
"now' .numbering from 'four'' thousa'nd' 'to.'five thousand';. ,,, That,, his 
great.'effo'rts 'in.the' .chemical ind'Ustry were, recognised ''is shown 'by,', 
'„ the', fact that' he '.'had 'inany' -honours".''. conferred' upon 'him;, ...'among'st' 
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wilicli may be iiieutioncd tke a'ward of a silver ^al'ver a.iid. I'liirye i.>l‘ 
gold by the Society of ClieBiical Industry under the. |:)resi(ieii.cy oi 
Sir Fredk. Abel in 1891, the medal of tiie society in 1911), and in 
connexion with the industrial alcohol question a silver 'Icia aiicJ, 
coffee* service in 1905., 

On© might* go on indefinitely describing the work of sucli an 
energetic worker as Mr. Tyrer, but the* g:reatest thing of all is the 
character he leaves behind, which' cannot be better e,xpressed than 
by quoting Professor Hendersone recent words. 

“Kind-hearted and generous; a steadfast friend and chivalrous 
opponent; a wise and cautious counsellor; a benevolent helper of 
many a young and struggling man; an earnest advocate of every 
cause which he believed to be right and good; eminently sociable, 
lover of music, a lover of talk in. congenial company—such was 
Thomas Tyrer. It will be long before' his memory fades.'’^ 

Mr. Tyrer, died as he wished, “in harness,’^ and,;, as Professor 
Henderson says, it will be' long ■' ere* his memory fades,*' .especially 
amongst those who knew him well and -recognised his' real worth'.' 

■ ■ . T. .TucKnu,.:' 


KECtINALD cowbell woodcock. 

Born December IIth, 1851;.Bi.ed January oth, 19IS. 

IIegi,nald Cowdel'L Woodcock received his early education at two 
private, schdbls, and subsequently (18'66'»-1867) 'atte,nded Kinge' 
College School, 'London, ' taking the. regular course .in French, 
Cerman, drawing, chemical physics, etc. 

During 1867-1868 he was employed in Paris by tue London 
Warming and Ventilating Co., assisting -his fatlier/i:n '.a ■ series of 
'.experiments in the. Pantheon, preparatory to^ the ; introduction of 
■ bleating the buildings by means of 'the' Gurney sto-ves. H© fre- 
'quently visited ' Paris after that time,' and was there wlie',n the 
Revolutio-n broke, out, 'followed by .the removal of Kapoleon III. 

' . . ' Having attended' some lectures at- the -Eoyal College of Chemistry, 
he 'Joined as a regular , student .in 1869, passing the examiiiatio-n in 
■June,' 1870, when he -obtained -'a' first 'class certificate and' the 
"'“.Special Certificate!' fo-r research work, “ On the Action O'f Normal 
and, Acid''- 'Salts upon Ammonium.' 'Salts, especially upon Ammonic 
Chloride," 'published in the Journal of the Chemical Society^ 1871, 
24,-,.78'5,'also in Watt's “Chemical Dictionary,'.' 2nd' Suppl., p. ,60. 

, In - October, '18.71, he became private , 'assistant to Dr. .Franldand'' 
at'th-e Royal College of Chemistry, and was '.engaged in that-' 'capacity 
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Oil clieiiiicai analyses and researcli work, one lengtliy investigation, 
being for tiie Russian Gov eminent in respect of the destruetive clis- 
tiilation of various woods and the possibilities of .making use of 
the gases produced therefrom for illuminating purposes. 

He was elected a 'Fellow of the Chemical Society in December^ 
1871. In January, 1872, he was appointed chemist to^ the Bede 
Metal and Chemical Co., Ltd., Jarrow-on-Tyne. In March, 1873, 
he received the. appointment (following his friend, the writer) 
as assistant professor of chemistry at the Royal Agricultural 
College, Cirencester, where he remained until 1878, During his 
stay at Cirencester he conducted a considerable amount of 
research work for Professor A, H. Church in animal and vegetable 
chemistry,' on tiiracin, a bird pigment from the Turaco, containing 
copper; coleiii, the colouring matter of the Coleus plant; vegetable 
albinism; alum.iiiiiin,i in plants; eugenol; etc. Being register.ed 
as a teacher by the Science and Art Department, South Kensing- 
ton, he gave a course of lectures at Cirencester in 1874 on inorganic 
chemistry. In 1878 he was elected a Fellow of the Institute of 
Chemistry. From 1878 to 1886 , Woodcock was associated with 
the late G, W. Wigner and Messrs. Wigner and Harland, in their 
practice as analytical and consulting chemists and public analysts. 

In 1886 he received an appointment with the American and 
Continental Sanitas Co., and accompanied the writer to New York, 
H.S.A., in order to start a f.actory and brancli business in that 
country, remaining there until March, 1906, when he returned to 
England and joined the parent Sanitas Co., Ltd., in order to 
assist the writer in Ixis charge - of the chemical and bacteriological 
laboratories of tli© company, of which M‘r. Woodcock subsequently 
became a director. During his stay in New York he, was, largely 
instrumental in .initiating the New; York section of the. Society, . of 
Chemical Ind'ustry, ' and served' as honorary . treasurer from its 
formation, a farewell dinner 'being' g,iven ,to him by .the , members' 
,'On : March 24th, 19G6, He also, .served as.' a ''.Vice-'Presicieut .of the 
'Chetmists". Club,' New York City.'.; '. Ill-health' caused him' to, resign 
"'active, , work with..'th© ''LSanitas Co.,' Ltd., in' March, 1916,,', buiy 
he remained, on tholioard „of directors' ■ up to the..tmie', of ^his' 'death'.. 

.' 'The '..'research', "Work in 'which ''ho was '' engaged, w,ith, .the .writer ' 
du'ring ;this'' latter ",'peri,od' of .'his' caree.r' was'„'very varied 'in character,,' 
and ' 'embraced . the results' covered' ..by ; 'the . .following Joint ■ publica-'' 
■tions:' '■^'Bacteriological Testings' '.'-of 'Certain ,"'Dis.i,nf©ctants,.' Md the 
results 'as .Afe'ctcd' by''' Varying' Conditions.’^':' '(Com'mmiicated to the 
British ',', Pharmaceutical ,' Goaferencei'''';, Cambridge,, , .'1910* Pharm. J, 
1919,, 'B'S, ,4'h7^.,'. B'acd5erifd:7 Testis ^'Disinfectant®..' " .. ".A". 

■ Prac^ital. ,: :Critici8m,'.:’:’:7') ,'( 
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Forinic;Acid by tlie. Atiiiospixerie ■ Oxidation o4‘ Turpentine/’ ■ (/. 
Soe, Cheni, hid., 1910, 29, 791.) ' ‘'Tlie ProdiictioB of Porniic and 
Acetic Acids by the Atmospheric Oxidation of Turpentine.” 
(/. So'C. Ghem. ^Ind., 1912, 31, '265). “ Somo Experiments com 

cerniiig Antiseptic Inhalations (J. Clinical Mes., 1914, Octo’ber.) 

: ' Mr. Woodcock was a member of the Society of Public Analysts, 
an original member of the Society of Chemical Industry, and served 
as a vice-president of that body for some years. 

The writer first made the acquaintance of his late lamented friend 
in the rooms of the Chemical Society in the spring of 1872, 'and 
enjoyed unbroken friendship down to. the time of his decease^ M'r. 
Woodcock, if not a rapid worker in the laboratory, was most exact 
and painstaking — almost to a degree of fastklioxisness— sO' that his 
work was always eminently trustworthy. He was of genial charac- 
ter,' extremely well read, of the highest rectitude, and his loss will 
he deeply mourned by all who knew him at all intimately. 

C. T. Kingzett. 


PHILIP JOHN WOESLEY. 

Born October 29th, 1834; Died March 7th, 1917. 

Philip John, the son of Philip Worsley, was born in London and 
lived there during his school and college days. Ilia taste for 
chemistry showed itself when he was quite young, and was 
encouraged by his grandfather, John Taylor, P.R.S., and his uncles, 
who were mini,ng engineers. ■ ■ .He entered tli© Junior School O'f 
University ' College, Gower Street, . in ■ September, , 1 843 . In. , speak- 
ing of, his. school clays, he said 'that he was not successful .becausB' 
he seldom kept his mind continuously on. his wo.rk; classics did 
not come easily to him, 'and. he had the greatest, difficulty in learn- 
ing' by hearty but he was interested i.n ■ che'mistry,. However, ' lie 
■worked' better when he went to University College in 1850, wliere 
he'. , greatly appreciated the teaching, of' Augustus de ' M'i.)rgau .iis 
mathematics and of Thora'as 'Graham 'in che^mistry. .He, graduated 
in' ", 1853 with ' honours in chemistry. '" Among' , his' fellow-stii dents 
were "George du; Maiirier,, Michael Poster,, George CarO'y Foster, and 
■George ■'Buchanan. „A'he'gr'eat .exhibition' of 1851 brought, many 
.distinguished'tscientific.'-f.O'reigners" .'to 'his' grandfathe'rh, house in 
Kensington, 'which .gave .■■the young ■■student .of 'chemistry and pro- 
,'Sp'ective. mining- ■engineer opportunities ' of ' h, earing, discussion' on all 
the late'St discoveries ;and 'theories.' ^ 

'"■^''•In"'' 18'53" he went, with; '.Ms',’ uncle, '..R'ichard',' Taylor, ,,on,,",a visit to 
lead, 'inines'at -Poiitgibaud in the ■.Auvergne, w^here ,''h'e 'W,as given 
the run of the works.. ,, -From,,: ■Po'^ntgihadd he went' by ', ^ to 
Marseilles, the railway not being opened beyond Lyons; here he 
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stayed witli a great-imcle, Philip Taylor, who had engineering 
works, which have since become one of - the shipbiiildiiig* yards of 
the French Navy— les Forges et Chantiers d-e la Mecliterraiiee. 
His next experience was in Germany, where he went to be educated 
as a milling engineer at the Bergakademie, or Eoyal School of 
Mines, at Freiberg in Saxony. On the way he passed -through 
Heidelberg, and was taken by his friend Henry, afterwards Sir 
Henry; Rosco© to see Biinsen^s laboratory. Before attending 
lectures at the Bergakademie, the students had to take a practical 
course either in the mines or the sme-lting works; Worsley chose 
the latter. On his own initiative he made careful notes of the 
process accounts, giving- the results and cost of the various opera- 
tions, which were invaluable to him in later days. On his return 
from Germany in 1854 he took a course of |)ractical chemistry in 
the Birkbeck Laboratory at University College, London, under 
Professor Alexander W. Williamson and Assistant Professor Henry 
Watts, author of the well-known “Dictionary of Chemistry.” 

In 1855 cam.© his first employment. He was sent to Ireland to 
assist Dr. Gurlt, a former Freiberg student, in working a new 
process for extracting copper from poor ores for the Wicklow 
Copper Co. This only lasted for a month or two, his first regufar 
work being at Rotlierhithe, where he started works for Messrs. 
H. J. Enthoven and Sons for separating silver from lead, super- 
intending the erection of the plant, and constructing subsidiary 
furnaces from his own plans. While here he Joined the Chemical 
Bociety, being .elected -a Fellow on -February 4th, 1858. He stayed 
at Rotherhithe until 1860, when he went to Bristol as assistant 
manager of the Netliam Chemical Works. 

In the autumn of 1856 liis grandfather, who was treasure,!* ai'id 
an. original ' men.ib-er of the British. .Aaaociatioii, took him to tlie 
meeting at Cheltenham „and .made .him an associate. His frieiiclB' 
O'f the Chemical Society put hini .upon .the. coinniittee of Section B 
of the' Cliemicar Sect,ion. -. It was at this meetingVthat Sir Henry 
iB-esaemer .described his process of biirning' the carbo-,n 'out of ' pig- 
.iron, . which was the first step, towards the modern .process of making 
.Bessemer -steeL In ■ 1858- Philip J. . Worsley. .and Georg©. Carey,- 
Fdlter-.went together' to themie^flRg.at Leeds, where they met .the 
set of young chemists whom -he had 'seen^ working: i'.n Bunsen’s l/abora-,- 
tory -at Heidelberg, in'' .18-54.,,-- .-They did /.not ' appreciate the social 
evenings, : of the; Association, /'-but.'. '■.'met, in'..each ' other’s r*doms and' 
'formed w.hat they '.-called Sub-Section-' B ; .these meetings', were ".full 
.of fun and ■ interest,. ,an-d'',o--ther-friehds, /besides- the original, members" 
asked /.to be 'allowed , '-to,, J..oi-tt' them,.'. ^ " 

,.' -,- In ',' I860':' toe,-, .Ghe,mie.al'-W,orks .,at.'-."Netham were , a"-small -,'affair^,,with,^ 
.a -capital ,'of .■ J15,QO'0.',/;/;They'/had-,.;^ a year and'/adi'all,: 
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and were in a very bad way. The new young assistaiii iiiaiiager 
was ■ thrown entirely on his own resources; he knew the theory 
of the processes^, but in j^ractice all was new to liiin. He soon 
found that the business was not prosperingj and that unless lie 
could improve the manufacture it would soon come to an ' end. 
He gradually introduced improved methods and instifuted a system 
of regular sampling and testing the various stages of the work. 
Gommoii sense with theory as a guide soon began to tell, and the 
reign of clieinica'l anarchy ■ and muddle gave place to order and 
system. After three months of probation he was made manager. 
After a time Netliam chemicals got a high repute and were in 
constantly increasing demand. . The plant and capital were in- 
creased every few years, and the directors^ appreciation of his 
management 'was shown by their giving liim a place' on the board, 
in 1871,/ 

In 1873 he joined ' with other alkali manufacturers to form the 
Bleach. Association, at which he made the acquaintance of all the 
leading men of the trade, some of' whom were already his 'friends 
or schoolfellows. At a later period, when the Netham Chemical 
Cpmpany was merged in the IJiiitecl Alkali Company (1890), he 
met many of them again and worked with them as a fellow- 
director, keeping his seat on the board until 1901. 

As a young man, Worsley's strong inclination was towards pure 
science. He imagined that he would always be able to keep up 
his' interest in chemistry, and that -he might in his leisure find 
time to make investigations which would 'establish him as the' equal 
of, the men of science ,who were ' 'his -friends. However, instead of 
w,orking in a private . laboratory, he gave his scanty leisure, to the 
cause of ed'ucatioii' a,nd philanthropy. , Bro'in the chairmanship of- 
the 'St. George's School Board -(Netham is' hi' the P'a,ri8h of ^.Bt, : 
George, Bristol) 'to the vice-chairmanship ,of.-the Hniversit-y-, -College, 
afterwards "the -Hniversity of Bristol, he helped' -to forward every 
grade of education in , the city.' . ,'As a Liberal in . politics '^id ' a 
Unitarian in religion, he took 'an active part in public life^His 
chief ' re-creation in his -later 'years 'was gardening, ' and one of, his 
greatest , pleasures was the success he obtained in 'producing new 
,varieti-es ,'of daffodils by 'hybridisation. ' 

' As -a memorial of his great work in ..connexion. 'with the University 
of Bristol and his interest,, in the' -chemical ,department, ,'a. gift has' 
been 'made to .the chemical .library,' the interest,' of .which , is' -to-. bC'' 
used . annually to' m.ake ..ad,diti-0ns of '.books and period'icak. '' '.He' 
had'. given, the, ,greater: part, of his'^ private collection of books. 'on 
.'chem.istry, to ..the., University. '.^ during, Ms. lifetime. ; .v "A; 
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TAe Old and the New Mineralogy, 

Jingo M;iiller Lecture, delivered 'before tiie Ciiemical Society on 

April 18th, 1918. 

By Sir I:Ienr.t Alexander Mieiis, F.R.S. 

W'hen I was honoured by the Council of the Chemical Society with 
til© invitation to deliver the first Hugo Mliller Lecture, I was in 
some doubt whether I ought to accept it. The task it involves is 
not easy for one who during the last ten years has by adminis- 
trative duties been taken altogether away from scientific work and 
who has not been able even to' keep in touch with the rapidly 
increasing literature either in chemistry or in mineralogy. 

But when I thought of my old and close friendship' with the man 
in whose memory this lecture has been instituted, and the regard 
which I feel for his family; when 'I reflected on the ' helpful part 
that he played in strengthening the lio'nd O’f ■ union between 
mineralogy and other ■ sciences ; and in ■particular when I 'I'emem- 
Imred the ''kindly interest with which- he ■ encouraged me, in .my 
younger days, I felt that the invitation of the Council laid a duty 
on me which I could scarcely refuse, however ill-qualified I may 
1)0 to fulfil it adequately. 

The excellent obituary notice of Dr. Hugo Miiller in , the June 
(1917) number of the Society's Journal sketches in clear outline 
both the - character and the- -scientific" -career • o!,„1:his, singiilarly 
modest and, wide-minded man. ' All who knew, him will feel that 
ill , him they have lost not only a warm-hearted and .sympathetic 
friend, but also an adviser whose/ sound. Judgment and; varied 
Iv.uowledge were only equalled by the unselfishness ' with which he 
placed the-in at the disposal - of others. 

There can, I think, be no more kindly -or more useful action 
than to help* young people at the' ontse-t of- their career to do'-the 
wo^ for which they are best fitted , by .. training ' and iiiclinati.on ; 
and I .am, able to speak as' one .who^ owed to him, , at, least to' so.me 
extent, .an introduction to congenial '.work.- 

', ,As Prof essor ', Armstrong .'has recorded , in -the obituary notice to, 
w'hich-'I have, referred, ,it -was; largely ■owin.g to ,Dr, ■M,iill©r'8 , inatrii-' 
mentality,, when "as,' President -of this-'-Bockty he was a member -■-,-of 
-'-'the- . Executive-, Coimnittee - of' the, '.'Central- "Technical College, - .that 
th-6 'teacH,ng, .-of; -crystallography- '''was- introduced into the Chemical 
Department 'of -the College/"' ■■'' '' 

That-.-was really -the:-'-fir8t '..recognition, in this country of crystallo- 
graphy as an independent' subject, and the first recognition of' its 

VOL- cxoi, q 
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importance tO' cliemical students. I only i-egret that tiie recog- 
nised position given to crystallography by Professor Aiiiistroiig’s 
action has apparently been lost by his retirement. 

I was invited by Professor Armstrong to undertake the workj 
and was thus given the opportunity of teaching a subject in the 
practice of which I was engaged by my daily occupation as assistant 
ill the Mineral Department of the British Museum. 

You will uiiderstandj theiij that I am glad for this among other 
reasons to have this opportunity of O'ffering a tribute^ to Dr. Mhllerh 
memory. 

Hugo Miiller’s interest in minerals began in his boyhood, and 
was no doubt stimulated during his student days at Leipzig by the 
influence of Professor C. P. ISTaumann, whose lectures he attended. 
Indeed, Professor Armstrong tells us that his first intention was 
to devote himself to geology; and although in later life his pro- 
fessional energies became more and more absorbed by chemistry 
and its applications to the industry with which he was concerned, 
and his leisure hours by botany and gardening, yet he always main- 
tained his interest in minerals and mineralogy, and his acquaint- 
ance with the literature of the subject. Indeed, from 1901 to 
1904 he was President of the Mineralogical Society. 

He was always a great admirer of fine mineral specimens, and 
left behind him a very complete and representative collection 
which has been presented by his widow and daughter to my old 
department in the University of Oxford. 

It may seem singular that with so pronounced an affection for 
minerals Muller was much more concerned to devote his analytical 
.skill to vegetable than to mineral products. When he retired from 
business he carried on researches into the chemical constitution of 
organic products, .mostly of- vegetable origin, and did not, as might 
have been expected, take up work on the minerals, in which he was 
so deeply' interested. In fact, -his published mineralogical work 
was actually confined to the early years between 1850 and 1860. 

- Whe.ther he ever intended to^' do scientific , work on his miwal 
collection I am unable to say ; but had he done so on his retire- 
ment from business, it would have been' in very different circum- 
-stances from those which' prevailed, fifty years earlier, especially as 
regards the attitude of mineralogists towards chemistry. 

It has , occurred to- me that I may- make the present occasion an- 
opportunity for contrasting this attitude ' as it was -in: 1850 with 
what- it .was at the beginning .of .the 'twentieth century, when, Muller 
retir-ed". from "business, .and what it is ^ at th.e present day. -' . . 

" '.The' period'-: , of his ,-.stude-nt , days ' 'in Le-ipzig , .seems to' me,:' to:- '.have 
been a very interesting and. a very ' CT.itiGal period 'in the 
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of this scie,!i,cej which was then Just b-eginniug to recover from a 
dangerous disease. ^ 

To explain what I mean, let me recall the views which were held 
by many of the most influential mineralogists at, or shortly before, 
that date. 

In the mineralogical world, full sway was then still exercised by 
the “natural (or natural history) system’'^ of 'Werner,, of Frei- 
berg, which had been developed and elaborated ])y his successor 
Mohs. 

According to this system, and here I am quoting the words of 
Mohs himself, “Mineralogy is the natural history of miner als,’'’ 
and “ the natural-historical properties are those with which Nature 
has endowed the bodies which it produces, provided those proper- 
ties as well as the bodies themselves remain unaltered during the 
examination.'^ The only characters of .minerals, according to this 
view, which are of fundamental importance, and which are there- 
fore to be used for the purpose of discriminating between, species 
and of classifying them, are the external or natural-history proper- 
ties, such as specific gravity, lustre, hardness, colour, frangibility, 
and crystalline form. Clearly this delinition entirely excludes the 
chemical properties. To quote again the actual words of Mobs: 
“' Properties which can only '}.)e used' during or affer a change can- 
not be' employed agreeably to the principles of Natural History 
and' must therefore be excluded from mineralogy. Properties ol 
this kind are the fusibility of mineralB examined before , the blow- 
pipe; their solubility in acids; phosphorescence produced, by heat,; 
che,mical analysis instituted to ascertain the quality or relative, 
quantity of the, component parts.."' “If. a person intends to 
acquire solid information, in mineralogy he should exaiiiiue well- 
arranged collections^'. 

These 'views served, no doubt, to stimulate collectors of ,'minera.l3 
a.nd directed a, good deal ■ of attention .-to the desirability ■ of bri.ng- 
ing together the best possible specimens,, and of' comparing the 
external, characters se as tn discover' their "relationships.,' But that 
/the chemical properties should be co-mpletely ig:nG'red. on principle 
seems ' now almost incredible, -especially .'when -we remember 'that' 
'.B'C'^elius.' had. already published in. "181 6. d. chemical .olassificatio'ii' 
of ' mine'rals and had even claimed ^ ■ that ' mineralogy ; ' is ' really "'only 
a' branch. , of chem.istry..' '. '.The ' .'authority, .of ..Her^ie'lius. was .-even 
.greater than- that of Werner ■ or'-.Mohs''; ..yet^ their methods' persisted, 
'for another.generation -at Freiburg,'.' which, ,as a great' .mining '-centre,' 
was' ,als'o 'a. great ' centre.- o.f instruction 'i-n mineralogy. - 
' . ' It:;'waS' 'd'uriiig"'','.M..iille'r^s ''Student, 'B'ays that',' the,; revolt, agai'iist': th'eir, ; 
ideas' took ,:''|lace'.,' 
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To obtain a general survey of . tlie successive cliaiiges in the 
history of the science, one cannot do better than refer to the suc- 
cessive editions of J. B. Bana^s System of Mineralogy/'’ wliicli 
first appeared in 1837, and of which the sixth edition (1892) was 
prepared by his son and successor, E. S. Dana. In the first and 
second editions Bana. not only adopted the natural history system 
then in vogue, but even endeavoured to make it more precise^' by a 
Latin noinenclature ; but in the third edition, published in 1850, 
he suddenly shook off the trammels of this system and adopted a 
chemical ciassiiicatioii. 

Nothing could better illustrate the change which came over the 
science in the , middle of the nineteenth century' than the preface 
to this edition. In it the author says: ‘'The Science of Mineralogy 
has made rapid progress in the. past six. years ; chemistryTias opened 
to us a' better knowledge of the nature and relation of co.tn.pounds 
and philosophy has thrown a new light upon the principles of 
classification. ,,Tg change is always seeming fickleness. But not 
to change with the a'dvance, of Science, is worse; it is persistence in. 
error ; and, therefore, notwithstanding the former adoption of what 
has been . called, the Natural History System, and the- pledge to its 
support given by the author in .supplying, it with a Latin nomen- 
clature, the whole system,, its classes, orders, genera, and Latin 
names, have been .rejected. , . . . The syste^m has subserved its pur- 
pose, in giving precision, to the science and 'displaying many of' the 
natural groupings which chemistry was slow to recognise. But 
there .ar.© errors in its very. foundatio.ns which make .it false to 
nature in its most essential ■ points ; and, in view of the character 
of these ©rrors, we are willing it should be,co.nsiderecl a relic 6 , 1 :’ 
.til© past/^ ■ ' , 

'The,‘year in which these words . were ■ writte'ii was the- ¥ 0:17 year 
ill .which young Hugo Muller entered the University oi' l' 4 cip,.zi,g. , 
'"."It must have required .no small courage for a 'ina:n'iix 'Baxia/s posl- 
..'tion.to make such a, r,ecantation, but .the benefit, to the scienccj was 
great., ' His . “'.System'^' was becoming the standard; book of refer- 
ence '.for, systematlsts... "His rearrangement of ;:species' and;.ado,ptioi.i' 
of' a- classification 'based' on chemical-constitution, carried much 
weight.,. ., 

, '"it' is n,ot "'.surprising .that ..Hugo .''Muiler .' as,,, a ' student , became 
'interested in a science' which,- was "just ''-at' that "time/ the fO'Ciis'of :'a 
discussion „ involving, ,,,',s,uch .,fundamLental ;''.'issu©'S, . ' a , science '''. which I 'i';n 
■,'S,pit©„',',ol '^'',its",' antiquity . and" importa,nce ' had', for; .'thirty","^ years/ i:n, 
'Uermany ' ' at,,' 'least.,' 'endeavoured , , to'.' close, , its '., doors 'agai;nst ,, the ' 
chemist. It is fortunate that there were ‘‘a few men like- C. 1 \ 
Bammelsberg,,, ..and , Gustav Rose who perceived the vital import- 
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aiice of clieinlcal coniposition in tlio study of iiiin'e'rala aiitl exercisetl 
sufficient influence to counteract the dangerous authority^ of Mohs„ 
E-animelsherg in 1847 published a volume of translations of the 
works of Berzelius bearing on the classification of minerals^, and 
was devoting himself to their systematic analysis. I have already 
ill a memorial lecture sufficiently described to this Society Ms con- 
tributions to the subject. It was his analytical work which really 
rendered possible a scientific classification. G-ustav Rose in 1852 
published his crystallo-cheniical mineral system, which has served 
as the basis of all scientific classifications ' of minerals since that 
date. In the preface to that work he says: It might appear that 
I have adopted a mixed |)rinciple in- constructing this system : but 
this is not the case. For though I fully agree with the view of 
Berzelius that the system should only have regard to the nature 
of the elements combined, and the formulae which express the com- 
position, yet it must be borne in mind that the crystalline form is 
merely the expression of a definite composition, and in this way 
it is all the more certain a guide because in many, perhaps most,' 
minerals we are still far from such 'a complete knowledge of the 
composition as is, required 'by ISTor'densldbkFs system. The crystal- 
line form tells us much more than the mere chemical formula ; it 
tolls us how the atoms are united, and this difference in the mode 
of union of the atoms often conditions the external differences of 
bodies even more than the actual differences between the atoms.*^ 

Dana, even when he originally adopted the natural system in 
profei“ence to the chemical system, had 'expressed the hope that in 
ti'm,'e the two would prove to- be identical: but the principle 0 ''f' 
isomorphism which was destined to e.{fec-t this reconciliation seemed 
at tliat time t-o be only an obsta-cle. 

For e-'xample,. Whewell, in ■ an . essay ' on: the classification o:f 
minerals, published i':a 1828, had pointed oi:it how desi:rabl6',it would 
- be if so,ine coincidence' could' ' be found " in ,tli©: chemical': and 
mineralogical sysd;ems b'ut he'arg-ued that- the' 'the:n recently /dis- 
covered property of ' isomorphism . rendered , a, chemical classification 
impossible, since a mineral may . be ' from the' chemical point , of view 
'a mixture of an dndefm-it© number ■ of ' sp-eoies. 

' In -hi-s History of, 'the Inductive Sciences,^*' thirty, years- 'later, .-he 
still -despairs 'of , , ,the - . attempts '- to'-' 'reconcile, ' the' , two ' . 8ystem,s,- ' and' 
-.says': ."'^-"The combinatio'n -of . chemical, :,-crystallogTapMcalj „ phy'sical, ' 
-and 'optical properties into, some lofty -generalisation is ' -probably,,,, a ,- 
triumph' reserved for -future and distant '-years.'-"'f 
''",-The conflict',-, between,.,, the- 'two.'- systems was -to some 'extent, ".pro--: 
'longed'.'by: the ',:f act, -that, ..even.'-' though ^ ft chemical system 

m'ight' be scientifically correct, it Rid' not afford' the, means of prac* 
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tically distinguisliing between, mineral species except by long and 
elaborate analyses ^ and even these anight fail, since different 
minerals may have what is apparently the saiTi.e percentage com- 
position ; on the other hand, the external characters did enable the 
well-trained mineralogist to determine a species with rapidity and 
precision. It was perhaps natural, therefore, that Freiberg, the 
centre of training for miners and practical mineralogists, should 
espouse the system of Werner and Mohs. 

Naiiiiiaiiii, who had been professor at Freiberg before he came 
to Leipzig, may have been predisposed in favour of it, but he did 
himself adopt a system based on the chemical characters; for, as 
he said, 'Hhey represent the actual material, the substratum, which 
is the basis of all morphological and physical phenomena, and 
•which finds its scientific expression in the chemical formula/^ But 
he was even . more of a crystallographer than a , chemist, and 
emphasised the equal necessity of taking form as well as composition 
into account. His text-book, Elements of Mineralogy/^ ran 
through five editions between 1846 and 1859, and exercised a far- 
reaching influence. In the later - editions, his system was practic- 
ally identical with that of Rose. ■ 

I have dwelt at some length on. the controversy between the 
adherents of the two systems of classification, not only because it 
was a controversy which divided mineralogists into two schools of 
thought, even up to the time when Miiller went to Leipzig, but 
also because a very important principle wms at stake and because 
little is said about this in the histories of chemistry where -the 
controversy is mentioned. It was not -merely an academic question 
of classification, or one of practical utility, neither was it a matter 
w,liich only concerned mineralogists. It was really a question of 
mental- attitude towards scientific' problems* 

.At the -beginning of the century there had been a soniewliat 
si.milar struggle, -concerning, the re.Iative importance , of chemistry 
.amd 'crystallography for: mineralogists. This resulted from the great 
„ advances, in crystallography made by the Abbe Haiiy following 
oil, the great advances in, chemistry- made' by Bexze-liu-s. ' But, at 
'..-'that time there was ■ no reaction - of the sort represented later by 
'- Mohs ' and his school., - Even Werner himself ^ was .not' prejudiced- 
"- like his successors. , He attached' the greatest 'importance to chemical 
composition in' a. system-- of classification, whatever exaggerated views 
■he -may have - held - concerning the -value, of external characters f-or 
the -practical ■ det-erininatio’n of :■ mineral species . ■ : 

' The" contrast -between the 'attitude.' ■ of -Mohs, -and .that -of .H.aiiy '.is 
' /evident to 'anyone ,'- who '.rea-ds, the .inti'-oductio-ns--' ,to' their -.-respective 
treatises, ,'on m-meralo'gy.. ■■/ 
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111 liis zeal to confine tlie science within what he considered its 
proper bounds, Mohs endeavoured to dissociate it not only from 
chemistry, but from geology. ‘^Natural History/’ he says, ^‘.con- 
siders the natural products as they are and not how they have been 
formed.” And again*. ‘‘It is a matter of the highest importance 
to keep the sciences perfectly distinct from each other and strictly 
within their , respective limits.” 

Haiiy, on the other hand, had recognised to the full the value 
of co-operation between all the sciences concerned, including not 
only chemistry, hut also physics and geology. 

The contention of Mohs and his school that it was uiinecessary, 
or even improper, to apply chemistry to the study of minerals, 
seems to me to represent the m.ost dangerous mental attitude which 
is possible for a scientific man. 

We are apt to regret the growing specialisation in science, and 
to think that half a century ago it was almost impossible for a 
scientific worker to he much of a specialist. But surely the school 
of Mohs was guilty of the worst type of specialisation. The 
earlier workers in general were no narrow specialists, because 
the dividing lines between the sciencs were not decisively laid down. 
To Haiiy, or Mitscherlich, to "Wollaston, Brewster,,# or Bose, each 
discovery was a new scientific problem, and they were not much 
concerned to decide whether to use the methods of physics or 
chemistry or geology for its solution. 

Frontiers have always been the scenes of greatest activity, and 
it is precisely on the borderland between two sciences that the moat 
fruitful progress has been made.' 

A man is not a specialist to the detriment of himself or liis 
science, even though he devotes his whole . life to the study of a.: 
single problem, provided that he makes sufficient excursions over 
the frontier in the interests of his life’s work. But Mohs' and 
his school endeavoured to isolate mineralogy ' (including crystallo- 
graphy), and to make it an independent science apart from chem- 
istry, .physics, and geolog'y,' instead, of regarding it as, a meeting 
ground of these sciences. .'The aloofness engendered by their 
action did great harm^ both to. m.ineralogy : and to ■chemistry;, it 
tended to withdraw mineralogy .and' crystallography, from th© p'ur-' 
.view '.of chemistry," and'.v it .also closed the eyes" of , mineralogists' to' 
„a'dvances,.in chemistry that ;, should' have been of vital importance 
to' them.:' 

-History repeats itself, and what ''has happened before may happen 
■again.. ■ This ..lectureship,, will, T- hope/- always ■ be one of the .a'afe-' 
■guards ' ■ ' against :'■; , ,■ ©xclusivene.sS' ' ' ■ and ■ ■■ specialisation ■ and , ; , will ■ aid 
mineralogists ■ ' and ' chemists to" ' understand.-, and '■, help- ■ each, " other.,,' : '■'. 'If 



MTliTRS : TITE (iT/i) .AND 'rH'lil mm IVITKI^EAT-('>(!T. 


370 


iii does tliis, ii will perpetuate tlie spi.rii ol’ tiio man. vv,liose^ .ria.me 
it bears. 

The liarm of this isolation extends to matters tliat appear to 
concern only systematic mineralogy , such a,s classificat'ion. After 
allj a classification which is right or wrong for minerals must be 
also right or wrong for other crystallised substances if it is based 
on what is essential; its merits or shortcomings would sooner or 
later be disclosed, if the underlying principles were applied to other 
substances. 

One regrettable result ^ of the policy of isolation was that for a, 
long period the study of minerals was divorced from that of organic 
or even of other inorganic substances, and that the study of 
crystallography was confined to mineralogists. This was partly, 
no doubt, due to the fact that minerals afford such splendid ex™, 
amples of crystallisation, and partly because ,a knowledge of the 
crystal .properties is so useful in their practical identification. 

Let rue here finish with, this subject of classifications and renii,nd 
you that it was not until a later period that attempts were made 
' to include all crystallised substances in ,a wider scientific survey 
and in a common study. Indeed, it is only within the last few 
years that ^ comprehensive catalogue of .them ' all has' been 
attempted by Groth in his Chemical Crystallagraphy,” which 
began to appear in 1896, and is not yet completed. 

During the same period, the Russian crystallographer Fedorov 
has been constructing a general table of crystalline substances so 
arranged that it , is possible -to identify any known substance 'by 
means of . the ' characteristic angle of a single erysi.'al when, once ;it 
has been set up in the right .position according to the rules which, 
.he lias formulated. . Mr. Barker has. recently, sliow,n in a striking 
example, the ' practical utility of this table even for. the jmrposes of 
the medical i.,o:,a,n, by thus identifying a mi,nute': crystal of salol 
:iiitestinal origin; 'May ■'26th.,: 1917), 

■.'■That' .there .should .be 'several classifications' mad© for' different 
.'.purposes';, within the same^ science ' is ■ probably a quit© wholesome 
principle;, one, may, for , example, bring .'out'; constitutional relation- 
,' ships^, and another.be, u'seful .for 'determinative 'purposes. '. 

: But, of' far greater ■ .'scientific importance, than ... the ..systematic' 
'.,:'olas,s.ifi.cation, of 'minerals' or the 'd'iacovery of new : methods.,' for their 
.'identification' is the question, What'a.re the actu.al 'relations ..between' 
..'.'the ' physical,' geometrical, 'and .chemical characters of ' a ' 'crystallised,. 
;mineral?', O'lily '.'in proportion, as this „ 'study ^has:.'grow.n" by co-opera- 
."tion ,;'with .'Chemistry .... and' :'phys '."did": the " science of mineralogy 
advance ' successfully along the path'; opened" .up by Haiiy and 
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BerzeiiliSj by Mitsclierlich and Wollaston, by Rose and Rammeis- 
berg. 

In tills new purpose, and in tb© changed' attitude of mind tbat 
it involved, lies, I think, the essential difference between the old 
and til© new mineralogy which it is the object of this address to 
emphasise, and it is tinie for m© to turn to the later developments. 

The newer mineralogy with this purpose in view has only made 
progress by the einploynient of every available physical and 
chemical method in the accurate study of carefully selected 
specimens. 

In the first instance, it was difficult to do much with isolated 
species for lack of suitable experimental methods, such as have 
been developed during the present century. Having ascertained 
the exact chemical constitution, to deteiiniiie with a,ny reasonable 
probability the actual arrangement of the atoms or molecules in 
a c.rystal wliicli may account for its form and physical characters 
was too difficult a problem with the experimental resources then 
available. 

But ■ the relations between .different minerals, belonging to, the 
same group .in wlpch it could be assumed that, whatever they 
may actually be, the structures and ' constitution are ■ similar, were 
gradually worked out. 

The laws of vicarious replacement of one element or radicle by 
another were studied, and the variations of physical characters with 
the change of chemical composition in many, an isomor|.>hous series 
constituting a mineral group were successfully .traced; and it, must 
*be confessed that for these researches., the foundations had not, 
infrequently bee.n , laid by the adherents of the natural ' history 
methods, for they had recognised many minerals as belonging to 
very definite mineral species and groups', in spite of their chemical 
differences. 

' ,Tt was. understood, for. instance, that the pyroxenes . or .the 
felspars,, whatever might be' their percentage composition, do con- 
'..'stitutei' a .group, .and it w'as. natural to. conclude that the. remarf 
■able similarity in physical .properties 'shown, by .the various .members 
of ' the group must correspond-'to .a- mutual replacement, , of :cer'te^^ 
.elements or radicles, though 'the exact nature ,of these radicles, might 
be 'still doubtful. '' ..For example,, the', growing iinporta.ncev' of ■ ■ 
.graphy' ,andv the,' use nf .the, '.'polarising, .microscope led" to ' a, vast 
.amotmt'^of study' heing, .devoted: to, 'SUch;. minerals ns .the 'felspars,, 
that-it',w,as„ 'not long, 'before it:" became 'possible ■ to determiii© ','with 
'.vaccu.racy, "by ,, means „ of the' ''microscope- the ,, -exact' .chemical -.eo-nstitu- 
^';,tion;,;,of a'.-.miiiut©'. 'crystal-'' ',-grain,;'hel'oBging:,':to:;'::.thi8,'-,:,-gr-oup'-'W'i^ 



372 MIEES : THE OLD AND THE NEW MINERALOG'Y. 


On tile otker hand, it is still doubtful how the elements are 
actually associated with each other in the mineral, or what radicles, 
are to he regarded as corresponding with each other in such iso- 
morphous groups, mixtures, or solid solutions. To establish this 
sort of knowledge, a great deal of very careful ch^mical analysis 
was necessary, accompanied hy an- equally careful physical study 
of the specimens' analysed- It was to work of this character that 
most of the important advances in chemical mineralogy during the 
second half of the nineteenth century are due. 

I select as a conspicuous example of this type of research Pen- 
field^s investigation of topaz, to. which a very definite chemical 
formula had been assigned, although it was known that the mineral 
exhibits some variations both in composition and in physical 
characters. ■ 

The most reasonable view seemed to be that the radicle AIO 
may he replaceable by the radicle AlFg- The insignificant and 
variable traces of water were ignored. Careful analyses and 
accurate measurement of the angle between the optic axes, how- 
ever, led Peiifield to the conclusion that the optical characters vary 
regularly with the proportion of water, or rather of hydroxyl, and 
that the simple formula Al2F2Si^4 entirely satisfactory if it be 
understood that fiuorine is replaceable by hydroxyl. 

Many minerals and mineral groups have now been investigated 
with equal success: but almost every mineral contains an inter- 
mixture of various allied compounds as well as enclosures of other 
minerals, and therefore it is rather to the study of pure laboratory 
products that we have to look in the first instance for more precise 
knowledge concerning the relations he tween, form, '.physical proper- 
ties, and composition. . 

A vast number of isomorphous groups have now been studied in 
detail .and with accuracy. 

.' 'Tutton'^s classic investigation -of the .sulphates and selenates of 
potassium, rubidium, caesium, and ammonium is one of the most 
conspicuous and complete examples. Others extending over the 
whole field of inorganic and organic compounds are recorded and 
discussed in Grroth’s ^^ Chemical Crystallography/' 

I ' need only mention such studies as those of Jaeger on : the 
benzene derivatives and the nitroanilines, of le Bel and Bies on 
the " platinichlorides,' of ■ Jee, Bodd, Colegate, ' and others . working 
with'. Armstro.ng ■ on the benzene derivatives, and the investigations.' 
..associated w.ith'The' names 'of Goss.ner, Steinmetz, and' others work- 
,ing with' Orotli at Munich. ■ ■ 

All .'.th.ese ■, advances: in : chemical ■ ■.crystallo-graphy have . only.' '..been 
rendered'. P'Ossible .by -a ''vast ' amount ■ of. research on countless ,,.::'.:a'«b'-'' 
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stances exaniined in the laboratory by a new generation of clieiiiists 
who liad acquired a knowledge of the methods of crystallography 
and an interest in its principles. 

Although in these and similar investigations the exact morpho- 
logical effects of the replacement of one element or radicle by 
another have been determined, I fear it cannot be claimed that the 
general laws of morphotropic action have been discovered -even at 
the present day. 

Now let me return for a moment to the year 1850. That year 
which, as I have indicated, 'was notable in the history of systematic 
mineralogy, was even more important in the history of crystallo- 
graphy, for it witnessed the publication of Bravais’s memoir on 
the regular arrangement of points. This research first established 
a principle capable of explaining the homogeneity of crystals, their 
symmetry, the, distribution of their faces, and ,,their cleavage. 

The mathematical treatment founded by him was elaborated by 
Solincke and others, until fnally and independently, towards, the 
close of the nineteenth century, Schonfies, ■ Fedorov, and Barlow 
determined and tabulated all the possible arrangements of material 
which can build up a homogeneous crystal, and so completed the 
pu.re geometry of the subject. 

But when it came to the application of these geometrical prin- 
ciples to actual crystals and to the question what are the units 
which are arranged in this manner, it was the custom to fall back 
upon the asaumption that these are physical molecules ’’ consist- 
ing of an unknown aggregate of “chemical molecules/^ Indeed, 
an attempt made by Sterry Hunt in 1891 to determine the degree, 
of polymerisation from the specifc gravity, hardness, and .solu- 
bility led him to the, conclusion that there are 584 chemical mole- 
cules in the physical molecule of calcite and ,'960 in that of quartz. 

When speculation runs riot, it is -a sign .that exp eriinexit is needed. 
It is clear that there was need of new experimental methods to 
curb such wild views, and 'not only in this, .but in other bran, dies 
of mineralogy ' .for ■ ' there , were equally .■ uncontrolled ' speculations 
concerning the, origin, of min erals,-',. and. especially rocks, ,, and; the 
processes by which they, have' -solidified from, solution or fusion..- ■ 

' ,It^ is in these later- experime-ntal ..methods that, what I- venture 
.to;',' call ' the new' mineralogy distinguishes,' itself . from 'the -"bid 
mineralogy." belonging , to- , Miiller ^s student . days. And ■ ■ the : -change 
has , mainly been rendered possible ■ by recent 'advances in,, physics 
and chemistry, and particularly ^ in physical- .chemistry.; -■ 

..There .'.are.-, twO' :,,stag,6s,, iir the '.history' -of-, ;',a., crystallised-,. mineral,' 
that-':' which;',.,' ter'minates ;, .immeclia-tely before' ',. it. ; solidifies- . ..;a.n,d that ' 
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'wiiicli begins at the iiioment of solidification,. Both, aro of equal 
importance and interest to the mineralogist, and upon both a flood 
of new light lias been thrown by recent investigation. 

The excellent abstracts of the Journal of this Society and its 
Annual Reports on the Progress of Chemistry record all the 
important researches bearing on these problems, x need not do 
more, therefore, than select one or two conspicuous examples. 

To deal first with the origin of minerals and the stages that 
preceded their crystallisation. 

The application of the laws of physical chemistry, especial].y the 
recently discovered properties of solutions, found its iiiost fruitful 
results in the studies of the Stassfurt deposits by vanT Hoff and 
his pupils. There can be little doubt that we have now a well- 
established history 'of the manner- -in which these deposits 'have 
been laid down' from solution and the nature of the solutions from 
vvhich they have crystallised. Before these researches, - there had 
been much speculation as to how such deposits might, have' 
originated from the' e;vaporation, of saline water, but, it, was O'lily 
by the laboratory experiments begun by vanT Hoff in 1897 and 
carried on through a series of years that the geological history of 
the deposits has been finally and fully reconstructed, including the 
order and conditions of deposit of more than thirty mineral species. 
Nothing like this had previously been achieved . The processes 
previously invoked in explanation of the origin of minerals had 
been largely liypothetical, not experimental ; with these researches, 
a new chapter in the history of mineralogy was opened. 

,, . It ',is unnecessary' to ^ refer ' to ■, any details of the,, experiments. The 
, excellent summary, published by 'Dr. E. F. Armstrong in the British 
Association, Report , for 1901, ' and since' that date "the, , Annual 
Reports , of this ; Society , have' helped to make them wid'cly known. - 
'' To, ,'take , another example.'' It is' of vital ' ,, importance, tO' the 
„ geologist' ,that , the .history .of rock,.. form,ation should . be ' 'deciphered, 

' and for .this 'purpose the newly established' laws .of : physical chem- 
istry ■ were .also 'directed to the. problem of the .crystallisation of' the 
', silica tea. ;, 

' Ign'eou8',rocks were for. the first time , 'regarded as solutions,, ami 
■the,,^, physical ; properties of solutions ' were 'applied ' to the crystallisa- 
tion , .of rocks ', from ,, molten ’ magmas. Vogt, in particular, 
endeavoured to' .shoW' by'' his researches ■ on slags, and with 'remark" 
:' ''able;' succe-ss, .that,'', they ' have crystallised in, accordance' with,, the 
laws', 'of 'e'Ute.ctw 'mixtures,' and', of, 'mix'ed', .crystals. .'^A''', wlufle'^.iiew 
field of research was thus opened', up; 'but, ''here, ,'agn'in,;io.iich ', of it 
was highly speculative until within',;, the last few years the actual 
crystallisatio'U of molten silicates has been brought within the range 
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of exp-erimental study* Doelter, of Graz, and Ills pupils are 
responsible for miicli of tliis work, but more recently tlie experi- 
ments conducted at the Geophysical Laboratory at Washington 
have constituted a very remarkable advance. 

The appeal .^o experiment has’ replaced a mass of speculations 
concerning theoretical solvents and the order of crystallisation, 
which were based only on field observations and bulk analyses. 
Now tliat sufficiently high temperatures can be attained, these 
investigations are of the greatest importance both to the geologist 
and to the inineralogist, since they reproduce in all probability the 
main conditions under which rocks have crystallised. One feels 
that for the first time the laws of their solidification are being 
traced and that they can be verified by experiment. 

I need not do more than quote as examples the very full 
researches by Bowen and Anderson on the binary system magnesia 
and silica, and the ternary systems diopside-forsterite-siliea and 
anorthite-forsterite-silica, and more recently by Bowens’s investiga- 
tions on diopside-aibite-anorthite,. and those by B-ankine and 
Wright on the system lime-alumina-silica.- 

Such questions as the order of crystallisation and the actual posi- 
tion of eutectic mixtures in the process of solidification can now be 
determined by actual experiment, and not merely by the micro- 
scopical study of the solid rock. Not the least remarkable result 
of many of these experiments- is the -absence of the eutectic struc- 
ture so-, characteristic of alloys, suggesting that perhaps too ' much 
importance may have been attributed to it by petrologists . 

Some of this work has .also- th.rown -valuable light on the past 
histoT}?’ of rocks and minerals. 

To- quote only , one e.xample,; direct experrm-entB on the melting 
and inversion .temperature of quartz have indicated that at 575^^, 
w:lth:i;n a very close approximation, it -sufferB eiiantiotropic. chang€^, 
t:o the- phase now .recognised as j8-quartz, and tliat above 8-00° quartz - 
'is BO longer stable at ordinary temperatures,, but .becomes converted 
.'into tridymite. It is .therefore -'sugg-ested. that quartz -may be used 
'as ,a . geologic.al . thermometer serving to . record the . maximum 
teinp.eraturo -'which has -been, reached ; by certain , rocks.;- A 'similar 
use- may perhaps be made-, of ".other -.'.minerals. ■ 

/Such- work as that .-of .-'Bowen on' the- m-elt-ing. points of The .felspars 
and their .mixtures is. of' the highest 'valued.n tracing the .past history 
. of "-. - rocks,, , ' 'and ■ their ., minerals, - ', His . '- 'co.nclusion that ' albite - . and 
""'.anorthite have th.e-s-ame' molecular-, complexity, in the " liquid - as;-. in 
■'..the solid state .'is o,ne more ..stage -in the -'simplification 'of our ideas, " 
.concerning 'the..constitutio-n-,.'<^-,-miimrals/-'.'.:; 

The pressure is, of coitrse, an, alhimportant factor which must 
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not b© left out of accouiifc- in speculations eojiceriiiiig the 
history of rocks. C^haiige of pressure may aft’eet the order of 
crystallisation or the niinerals wliich separate, and may detoririirie 
tlieir nature, as profoundly as change of ternperatirre. Experi- 
ments at high temperatures combined with high pressiu'e are now 
for til© first time becoming possible with improved laboratoi’j 
apparatus.' 

These experimental researches on the application of tlie law of 
solutions to minerals are not confined to silica and the silicates, 
but have already been extended at the geophysical laboratory ' to 
the copper sulphides and the oxides of iron. Experiment has yet 
to be applied successfully to such questions as magmatic differentia- 
tion, the effect of mineralising agents, pneumatolysis, and many 
.similar problems. • On the more vexed 'questions relating to the 
history of vein minerals and the large class of secondary deposits 
which line the cavities and fissures of the earth^s crust, experi- 
ment will have much, to say, though it may be, a long time before 
experimental investigation on these subjects can. be fully developed. 

In the ' work of vanT' Hoff and in that of the Washington geo- 
physicists, we lia,ve two conspicuous- examples of what I !nea,n .by 
the new mineralogy as applied to the problem of the origin of 
minerals and rocks, that is, to' the stage through which tliey 'pass 
up to the moment of solidification. 

This application of experimental methods in which an attempt 
is .made to- realise, the conditions'- of. -mineral growth replaces a vast 
amount of speculation with which the science was burdened daring 
the last fifty years,* and it, u,nsettles some of the' -elaborate classifica- 
'tions, especially of rocks, which .have occupied too -T-,u‘:!eh' time a!,-U'l 
thought during the .same period. 

Siirely classification as - a means of .arriving- 'ai;.- ge-neral laws, h 
an unsafe, guide in the inorganic -world. i-f .based to-^' iwry la,r*ge extent 
-'on hypotheses,^ it -only serves to --perpetuate, -them. Its I'lroper 
-'fuiiction- is'to record the application of , the- general laws cstablis’Iied, 
,'by 'experiment,, and any .classification -must' inevitably -change with 
new- -experimental, results. , ,Eor. this rea'son,,. the attempts 'which are 
-' now' : being made by ,a group 'of American. '.geologists "to establish ,-a 
.'natural classification- of ' rocks "with -a- new -.nomenclature -are surely 
:doom,ed to -'share-' the fate- which befe-11 the .'natural ■'Classification 'of 
miiieral'S.--' 

'-^.Let us' turn .next to- those' '-problems, that -concern ;. the- 'HatAire'-."''of 
,-niiiierals...,after they have, solid'ified. 

.In .-.this... 'field -also' there had ■be'eh'-an..im.mense' anioiint of specula-’ 
:'tion during. :-thev-last' .half;. of.-'- the,. nin.'e.te'enth'.''een concerning the 

nature and arrangement of the units which constitute a crystal. 



MIERS: THE OLD AKD THE HEW MINERALOGY, 


377 ' 


Somewhat surer ground was readied by the conception of topic 
axes introduced by Becke, and employed by Muthmann and Tuttoii, 
which gave suggestive evidence concerning the relative dispositions 
of the crystalline units along corresponding directions in a series 
of isomorplioiis substances, and indicated the increased or diminished 
separation of these units along' a given direction wli'en one element 
or radicle is replaced by another. 

The importance of the molecular volume in these relations has 
been emphasised by Barker^s experiments on the parallel growth of 
one substance on another; I have considerable faith in this as a 
sure experimental method which has yet to be used in tracing 
similarities of structure even where there is no chemical relation- 
ship. 

The crystallographic study of closely allied substances has further 
led directly to s|:)^culations concerning the relative positions of the 
atoms in the crystal structure, as, for example, in Muthmann 
study of the perchlorates and permanganates, which was the first 
conducted from the point of view of topic axes; and, again, the 
relationships between the nitrates and carbonates led early to 
similar speculations concerning sodium nitrate and calcite. 

To take another example in which this problem was attacked in 
a different way, Sollas endeavoured to ascertain the positions of 
the elements in sodium nitrate by comparing the specific refractive 
energy of the crystal in its two principal directions, and in the 
case of potassium copper chloride he combined this feature with 
the dichroism which he interpreted as indicating that the crystal 
is of a cuprous nature in one direction and of a cupric nature in 
another. 

Tt is interesting to note that such speculations were already' 
assuming that in most crystals the structural unit, is probably an 
aggregate of not more than a few unolecniles,. and in some perhaps 
the inoleciile itself, ' This was a great- contrast to the earlier 
assumptions concenimg polymerisation in the , crystal molecule 
Indeed, it was not long before’ expression was given 'to the extreme 
view that the structure is to be regarded .-as a ".regular ■ arrangement,; 
of atoms; ' in which the grouping into molecules 'is " merely a . geo- 
metrical fiction, whatever may have been their .significance' ini'medi- 
ately before the 'act of 'crystallisation. This, view, was, stated,: iir ..a 
paper, read by, Fr,ofe'SS,6r, Groth to .the 'British '■Association'', as/'far 
back as ,1904,' in which,.' speaking. of .new, ideas , concerning ' crystal', 
’.structure, 'he said, .''it "is .unnecessary, ."to assume 'the' .epera'tion...,.of' 
..any . * molecular. ' .forces ^ 'in addition: ' to" .the. forces'... which'';' act ..'.upon ' 
;'the, ato'nis thexri’selves’.,’ , 

. .'If, "as" 'I' .have, ..said-before,.^ we are ’hot yet.;dn„’; sight: ’of,.',', the general 
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laws of iriorpiiO‘trO'pic action even witliin groups of closely allied 
substances, we are- still furtlier from tlie supreme problem Iiow 
from the clieiiiical composition of a substance to deduce tlie form, 
and physical properties of its crystal. .The great test of a theory 
is the question whether it will enable us to predict, 'and in this 
sense there is as yet no satisfactory theory of the nature of a 
crystal. A bold and original attempt has been made by Pope and 
Barlow with some measure of success, and their theory of crystal 
structure which is based on the atom as the structural unit and 
endeavours to explain the form of the crystal from the atomic 
magnitudes, as indicated by the valencies, combined with, the 
principle of close packing, has already inspired several very 
important investigations . 

But ill regard to the structure of the solid crystal, just as niucli 
as for the process of crystallisation to which I have already alluded, 
the need was for new experimental evidence — for some method of 
investigation which could explore the structure with a finer dis- 
crimination than that provided by the transmission of light or 
heat. 

And now, as all the world knows, it seems that direct evidence 
concerning the arrangement of the parts of a. crystal, the niagiii- 
tilde of the intervals between them., and even the spacing of the 
atoms, is supplied by X-ray methods, and in particular by the 
classic investigations of the Braggs,^ 

In the history of crystallographic discoveries it has not infre- 
quently happened that the crystal has first revealed some unknown 
physical phenonienon, has then supplied the mechanism or the 
material for studying, it,- and for establishing the/principles^ by, 
which it is .governed; then,, finally, these principles 'have- 'been 
timied back upon, the,, crystal" in -ord.er., to explain its .,n,ature> , This, 
was so with the p.heriomena ' , of , double refractio,!! ; ' calcite disci osed 
the, .new, fact ■ of double' refraction, to Bartholinus, and .■ ' Huygens; 
and this led. to tlie,diBcove3:y of the laws ..of propagation of light; 

' these in, turn were applied to the .study .nf crystals,; and, have proved 
Xhe', most „ potent: instrument that, we possessed ' until lately ^ ' for 
, researches into .crystalline structure, ■ It;Wa's so again with ^circular 
polarisation and ,, with,' pyroelectricity. 

And so .it., is now w.ith the new .. X-ray , methods'. The crystal 
, .re.veals .the .'new ■facts and then lays .■ itself '.hare' to .attack from the 
."■physical, weapon which it haS'. forged. Indeed, '.in these remark- 
,, able , investigations it is difficult- 'to ,say. which is, .the, more valuable, "■ 
the evi.dence '.which. -the';, crystal gives. 'concerning,,. the, tt,ature of the. 
radiations' or the evidence which ■ the radiations, give concerning 
the molecular or atomic intervals in the structure of the crystal. 



iri.icits : ohi) A.Ni'j n.mw 


:i7i) 


il i lio iiol dwell at length o:ii these researelies, it is not throiigli 
any failure to recognise them as by far tlie^ most iinportaiit- advance 
of recent years, even in the science of mineralogy, Imt only because 
they are now so familiar to the scientiiic world. They have, of 
course, not destroyed anything that had, been established ' by inatlie- 
matical dednctioii from previous experimental evidence, but they 
have supplied new experimental methods of a most fund, ament. al 
cha.racter for the. study of crystals. 

The assumption on which Bragg's i,nterpretation is based, iia.mely, 
tliat the crystal consists of material distributed in equally spaced 
plane, layers or in layers separated l>y intervals which, recur regu- 
larly, corresponds with all that had been laid dow,n by purely 
geometrical considerations, and it has been confirmed l>y all . that 
we know about the physical properties of. crystals. 

Indeed, if it were needed, evidence, of .the existence of plane 
i.iiternal layers parallel to possible' faces of the. crystal, is supplied 
by i:he Jbray analysis. Tor Canac and. others, have shown that it 
is j;)osHible to measure the angles of a crystal by X-ray .yell ections 
from t.he inteiMial pl.anes just as certainly and almost as accurately 
as by tlin refieetion of light from the' .e.xt era al faces of the .crystal. 

The care which .must be .exercised in the interpretation of , X-ray 
ir.ieasu,reme;tits i,u their present early., .develop'ment, .is illustrate'd 
by Vegard's observations on. 'the' rutile giamp of' minerals, in which 
a structure based on the reflections observed by him has beeii' siil>- 
sec|uently 8h,ow„u to, be, erroneous, because certain inter.mediate. 
reflections we, re overlooked, ; ^ ,. 

Wliether the , X-ray analysis can supply evidei,i,ce as to the, exist- 
ence or nature of the chemical molecule in.' the csrystal is' 'a . more 
(lilfcult questio.n, into which. I.'do not feel oompete,nt to enter. ■ 

In crystallogra|,)hia research, I have nothing to, record quite, corre- 
spo'ncliiig with, .the' .work of tluv Washington.' geophysicists, for.'the 
si'rrtph‘ I'casoH th.at th'ere is : for . crystallography iio. 'departinent; 
(a'')rr<^sp{)n{1i!ig with ' the geophysical ', laboratory. 

In. my opiiu,o:ri,. .the hBpo,rtance'of the'.^study of .c!,ry8ta]s,'haB .now 
become so,' giTiatd'iiO't ' only Xor'- the- 'identificatioii of ' substancea "by" 
crystal ''meaa'ureinent, ■ ,' but , 'also . on . account 'of', the new,, ,' .kno'wled.g’e 
which modern crystal .study .is. ccHitribut.ing '.to .pr.oblems ^ bel„ongi,'ng' 
to ,: different '.sciences,/, that' there ■iS',"'re.aT','nee,d',i'or' a department of 
■ 'pur© . 'crystallographic ,' resea-rch, .one', .'.in'''', 'which;. ' such studies can be 
..■carried',' out quite ''independently . ''of .^elementa'ry . teaching or of 
immediate, 'a;pplicati 0 'ns, ", ■and without being, '.tied, to .mineralogy. ^.' .1 
vent'ure to hope that it will not be long before some such depart- 
ment is founded either in connexion with one of our universities 
'■' or ''■;6!lse,wher.i'.*vV'^' ''■■;■,., ,■,> 7 ■:/■;■ 
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Tlier© is yet anofclier notable field of work in wbicb. the later 
physical discoveries liave opened up new experimental iiietbods in 
mineralogy. Tlie past history of minerals may now be discussed 
ill the light of their radioactivity, and the study of radioactive 
changes is giving some indication of a process of progressive change, 
if not in the minerals themselves at least in the elements which 
they contain. For the first time, therefore^, speculations coBcerm 
ing the age of certain minerals can be based on direct experimental 
evidence. 

The remarkable pleochroic haloes which surround zircon, and 
other radioactive minerals enclosed as microscopic crystals in mica, 
cordierite, and other rock-forming minerals, were investigated by 
Joly from this point of view; and in the hands of Strutt, Boltwood, 
and others the proportions of uranium, radium, thorium, helium, 
and lead in radioactive minerals have been made an instrument 
not only for exploring the history of the disintegration changes in 
these elements, but for estimating the actual age of the minerals. 
A new importance now attaches to the accurate analysis of such 
minerals in respect of rare elements which previously escaped 
notice, and also to the choice of the specimens analysed, for, as 
Boltwood points out, it is necessary to distinguish between the 
more ancient primary minerals and those of secondary, and there- 
fore of more recent, origin. 

From the mineralogist’s point of view, we have passed out of 
the stage in which the object is to ascertain the formula, and to, 
study the mutual replacements of elements and radicles in order 
to classify minerals into definit© species, and have begun to study 
the mode of association of the elements and radicles within the 
mineral, both now and during its past history. 

, In selecting only three or four conspicuous examples of the pro- 
• gress of mi,neral chemistry during the last fifty years,' I have, of 
course, passed by without notice many very remarkable advances 
mad© in other branches of the subject, such as analytical methods 
and interpretation of analyses, the synthesis of individual minerals, 
the alterations, replacements, and transformation of minerals both 
in nature and in the laboratory, the improvements in apparatus 
for the accurate measurement of physical constants, new methods 
of separation, the introduction of microohemical analysis, the rela- 
tions between colour' :and radioactivity, and a host of other 
advances. ' S ■ ' 

I "have also- omitted,, specific mention of all the recent work , on 
,, the ■ constitution ■ of ' the na,tural ■ silicates,, 'and this'' for ' a'' reason 
,', which 'I must s.tate,.,', ■ 

of modern views concerning this,,' the mosAimportaiat, 
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group of rainerals (coiiBtitiiting with, silica ahoiifc 90 per cent, of 
the earth crust), begins, not long after the period to which I 
have confined my survey, in 1864 with Tscherinak's- discovery of 
the nature of the felspar group as mixtures of albite and anortliite. 
This led the way to attempts to -explain the analyses- of many other 
comf)licat6d silicates as mixtures of compounds not so similar to 
one another as those which had previously been classed as iso- 
morplioiis, and in some instances far more dissimilar than albite 
and aiiorthite. 

When, ho'wever, such minerals as the pyroxenes, aiiipliiboles, 
mica, and tourmaline were discussed, the analyses could only be 
interpreted on this principle by the aid of a host of possible silicates 
which are not known to exist; and although some experimental 
guidance ill these speculations has been supplied by the work of 
Tschermak, Schneider, Thugutt, and others on the acids -wliicli- 
could be isolated or the residues which could be obtained by decom- 
position of the mineral, yet the interpretation of the analyses 
remained to a large extent hyp otheticak 

The evidence supplied by pseudomorphs, which show the initial 
and final products in the case of an altered mineral, cannot give 
any sure information about the solvents which have acted or the 
intermediate minerals which may have, been produced during the 
process of change. Even experiments on the decomposition of 
silicates only in general produce compounds which are stable, and 
lose sight of compounds, unstable in themselves, which may enter 
into the constitution of the' mineral. Tn the pyroxene group, for 
instance, synthetical experiments indicate that the , diopside mole- 
cule may form' a .solid solution' 'with several unstable silicates, 'ns 
well as with alumina or ferric ■ oxide, so that Ranimelsb erg’s view 
of -.the group,'' as a niixtureof 'the diopside molecule with alumina 
is not necessarily more- unreasonable- 'than 'Tschermak;’s more usually 
accepted interpretation -founded- on the analogy of the ^ felspars. ' 

.'And if we make a, general survey '.of the views which have' been 
expressed on the constitution 'of -the -silicates, and especially -of' the, 
alumosilicate-s, including Vernadsky^s'. theory: of the, chlorit-e, nucleus 
and -the 'mica nucleus, ''and- the more, recent ..and attractive- hexite-, 
pentite theoryof -W. and D,... Asch,w'e' have to confess that 'we -.are 
still waiting for, more experimental" evidence- b-elore.we- can' be-on 
sure' ground. In -so "far-'as - these theories , suggest n-ew -experiments, 
-'they- perform,', a- mo-st' -valuable- function, but, they .are,' -not 'to be 
..rega'rded- 'as- -.-in, any way ' equivalent "to e-x,perim6ntal-'-re,-s'ults,.'",„- 

-" Synthetical work: such '-a,s- --that''' of "Clarke, and-'-'-Doelter, ;-: 

the discrimination of solid solutions from double salts by careful 
melting-point determinations; study of the properties of pure 



:I82 ivi'iRES: THE OLB KHD I’H'R HEW :w"i:H,HRA;i,.ocry\ 

artificial silicates^ tlieir coinbinations and disintegrations ; tlie 
loaiiiifactiire of additive compounds and derivatives ; tlie study of 
siicli replacements as tliose of water by alcoliol, benzene^ and otlie.r 
substances in tlie zeolites investigated 'by Friedel^ and tbe adsorp- 
tion experiments of Grandjean — these are examples of the sort of 
researches which must be largely extended before constitutional or 
structural foriiiulse can be assigned with any coirfidenee to the 
silicates, and especially to the aliimosilicates. 

For the present, the freedom of speculation which is possible 
concerning the chemical structure of minerals be-ars some 
resemblance to the unchecked freedom with which the physical 
and geometrical structures were handled before the advent of X-ray 
methods and the unrestrained speculations on the crystallisation 
of magmas and ■mineral solutions which prevailed before' the e^x- 
perimental methods' of physical chemistry were applied. We still 
await the key of experiment which -may .unlock "the secret . of ■ the 
chemical constitution of the silicon compounds. 

For this reason, without desiring to ignore theii* interest ■ and 
importance, I pass over the whole subject of modern theories coii- 
cerning the chemical structure of the silicates. 

Let me, finally, ask the question: In what fundaineiital respects 
does the new mineralogy differ from the old of fifty years ago, and 
what are the prospects for the future? Is it anything more than 
the pursuit by new methods of the old problems? A more refined 
study than was possible then of- the characters and properties, of 
minerals ? And the answer, ■ I- think, is that it is a great deal 
jiio-re than this., for the- whole purpose of the quest has changed. 
Our object is' no longer' merely to. trace, the relations ' b-et'wee:n 
difierent minerals, neither is 'it . our purpose to classify them as 
animals and plants are classified in order to ascertain t-lie laws 
that govern these relations. ■ The importance of. such classifieatio’ii 
'and- study of' characters iir.the biolo.gical sciences is due to the fact 
that the .record, is, one of constant -change and deveIop:menfc : the 
■careful definition. and, study ,of species leads to- the laws of evolution . 
In --.the miu-eral kingdom there is apparently no such pros'pect, 
'Our inain .purpose is now -not to discover how one mineral has-been 
evolved ' from another, -for. .there is no such evolution, or- .even how 
it . is .relate.d to others, but how it -has been ''constructed from ihs 
constituents. -' We ax^e concerned with '.the que'stion .how' its -'e-kments 
.came together," and how they are united.-'to form the mineral ' and. 
why" am-o.ng: ' .' the, ■ elements' that build ' up' ■ the -earthy','- 'crust - only- 
;'-ce-rtai,,n.', --combinations occur as. minerals, whereas '..millions of -com- 
binations . are. theoretically poss.ible. '■ The,-,- w'0''.ti.der "is not that - there 
are go many minerals^ but that there are so few; that mineral 
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species, lor example, are so vastly outiuiniberecl by tlie species of 
insects. 

So long' as tlie crystal unit was supposed to be an unknown 
multiple of tlie cliemical molecule, tliese problems seemed far from, 
solution, but now that we appear to be better justified in dealing, 
not so niiicli with the arrangement of molecules as with the arra,iige- 
meiit of atoms in the crystalline structure, one cannot help feeling 
that the structure must be one of greater simplicity than the coni'- 
plicated silicate formulse seem to indicate. We may surely hope 
t.hat minerals will prove to' be comparatively^ simple groupings of 
til© eleineiits, that the disco veiy of the laws which determine the 
limited number of minerals existing as stable substances will lead 
us to a clarified vision of the conditions which determine equil- 
ibrium, in non-living matter on the' earth^s surface, and that we 
may ex|>ect an answer to the question why the elements have come 
together and how they are united to form the .beautifiil conipounds 
which constitute the mineral kingdom. 

This change in the scientifc prospects of, mineralogy is due ,' to 
tlie adv6,nt of new experimental methods and , principles. The, 
promise of a revived interest ' and. an .increased progress in this 
science lies in the, application to minerals of every new, experiment al" 
treatment, physical or chemical, that can be employ eel. 

In this,, as'^jn m,any other sciences, far too much energy has be.en 
expended ' in the past on the 'ropetitioii. and refinement of , old in- 
vestigations', on the mere .improvement of old methods of research 
or of apparatus, on questions '.of nomenclature, or description. 
Although T do not wish to 'underestimate the value of. accurate 
data patiently accumulated by' prolonged , and , careful research, 
without which, no sound foundatians can be, laid, yet, I feel" that 
for, long periods mineralogy' stagnated because tiirie^' and, energy 
were occupied in compiling interminable ■ lists of uncertain crystal 
faces or ill the analysis 'of inripur© specimens.' , 

The real advance takes place when- new . methods of "attack' are 
turned upon the old subjects." 

The physical', properties- ■ of ■'■solutions,' Z-r ay analysis, and', .'radio-' 
■active cha'iiges are -the three-'6xamples 'which' -I have' .quoted,.; '-.they 
"have I'lifused new,, life^.into .th'e .science-; but th.ey^ ar©.-o,n'ly three, 
and will have to be multiplied indefinitely. 

Minerals deserve all the study that they can get ; they supply 
'..the most perfect and the TO.ost varied materials; almost every known 
eleinent is contained in them; they are extraordinarily stable 
compounds; they teem with problems, owing to the variety of 
conditions under which they exist or have been formeeb 

Especially would I attach importance to the fact-, too often for- 
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goiteii^ that mineralogy is one of tlie natural history sciences, and 
therefore' deals with natural objects not only as we find them in 
museums, but investigates their relations and their past history; 
wMle it studies their properties by applying to them all the known 
resources of the laboratory, it also studies through them the opera- 
tion of the laws of nature, both now and in the distant ages of 
the past. In mineralogy, as in botany and zoology, it is in general 
impossible tO' reproduce past conditions; they have gone for ever. 
But there is this great difference between mineralogy and the bio- 
logical sciences. Whilst they trace the history of changing species 
in the light of modern experiments and observations, the only 
record of their past, and that a secondary and an imperfect one, 
is supplied hy fossils: the organisms themselves have disappeared. 

On the other hand, in the case of crystallised minerals, we 
generally have the actual object surviving through the ages. The 
liquid carbon dioxide imprisoned in a quartz crystal, or the tiny 
zircon surrounded by its halo in mica, have been there for untold 
centuries and survive to tell the tale of their own history. The 
same is true of the radioactive mineral, which by its present com- 
position gives a clue to past changes; the structure of the crystal 
remains as a permanent record of its original nature. We have 
in our hands the very object that existed millions of years ago, 
and not merely a cast of it, and we can continue on it the pro- 
cesses that nature has begun. The forces of crystallisation that 
brought together its component elements have held them together 
in the same relative positions, of which the unchanged form is the 
guarantee. 

..This circumstance gives a peculiar interest to the study of 
.minerals; it' is one. which impresses a feeling of awe and fascina- 
tion akin to that aroused by an ancient manuscript or a work of 
art •which' survives as a permanent' record of the artistic life and' 
thought of bygone ages, and, further, it. invests them with a unique, 
value for the deciplierment of the past. 

' ■ 'There is one . other aspect of .mineralogy which I. wish . to 
emphasise. I have directed attention do the' fatal sort of 'Special-. 
isatioii.;andex.cliision' to 'Which the' natural history school of' thought 
tended ; but let m,e repeat that mineralogy is, .nevertheless,, a branch 
of . natural , history, and that the proper study of minerals, as of 
all 'natural .objects, isuH' itself’, a safeguard against specialisation,' 

..ThO' true mineralogist, must bring to' this .. pursuit the re'SOurces 
:o! all the sciences; on©, who is,. merely, concerned .with the physics' 
or. chemistry^.'..'Or crystallography '.of' minerals makes.. only,, a. one-sided.'. 
study ' of, '.the. s.ubject. The ■ more intense,', and, .concentrated the work 
,of,'.,.the"drue.',,'min6ralogist,', the less confined will it be: in fact, the 
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more he specialises in mineralogy, the less of a specialist does lie 
become. 

.For this reason, the natural history subjects hay© a very par- 
ticular educational value; they deserve to hold their own for 
educational purposes, and not to be broken up ‘ into specialised 
sections. They have a particular value, not only as a stimulating 
introduction to chemistry or physics or biology as taught in schools 
to beginners, but also as a means of maintaining interest in those 
sciences at a later stage. 

In young children, the instinct for collecting is strong, and 
equally strong is the desire to know something about what they 
collect; by many of them, the approach to science is most easily 
made through an interest in natural history. 

At the later stage, many older boys and girls on the literary 
side in the upper forms of schools, whose main interest is outside 
science and who realise that it wull not play a large part in their 
lives, boys and girls to whom prolonged teaching of chemistry, 
physics, and biology (evspecially if they are separated by water- 
tight compartments) will be uninteresting, and therefore largely 
unprofitable might be made to retain their hold on the prin- 
ciples of all these fundamental sciences through the study of 
natural history. 

We shall surely do well to utilise any interest that brings home 
to ordinary students the knowledge and conviction that science is 
not merely laboratory work, but that its principles are to be found 
in operation everywhere, though they may have to be explored in 
the laboratory. Those who specialise in language or history or 
literature must acquire this conviction by experience, just as those 
who specialise in science must learn by experience that all great 
literature is the expression , of ideas, and that, even scientific ideas 
cannot be expressed by an illiterate use of language. 

A judicious employment of natural history will, I believe,, do 
much to establish science- in the place that it should, occupy in 
our educational system. 

When I accepted the invitation of the .Council tO' deliver^ this; 
lecture, I welcomed the opportunity it- would' give me of recalling^ 
to ' the -Chemical Society this aspect of my favourite pursuit.- 

-And, let me add, even for scientific workers in their later years 
a taste, '.for natural history in any' of its : branches .is worth main-, 
taining' as a very real corrective to .narrow specialisation. ■ , 

V If an illustration ' be required, I- cannot, do better' thanYemind- 
you again - of -the "wide scientific interests and , achievements ■, of the 
remarkabl© man whose name, thih' -lecture .hears. 

'-" '.'Mineralogy and, botany 'appealed to -'Ms. wid-e and .catholic ,-■ taste,; 
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his lo've for minerals and plants was an abiding possession to him, 
not only because lie loved them as beautiful things, but because 
he was a man deeply interested in natural objects and in the secrets 
of science that are revealed by them. 

To those whose work lies in laboratories, such intercourse with 
nature is easily maintained, for 'there are many pathways that lead 
from experimental science to natural history. 

Like Antaeus, they can always strengthen themselves by con- 
tact with Mother Earth, feeling with Wordsworth : 

“'^that Nature never did betray 
The heart that loved her ; ’tis her privilege 
Though all the years of this our life to lead 
From joy to joy.’’ ■ 


XXXlL—^The Sy7ithesis of Ammonia at High Tempera- 
tures, Part II, 

By Edwabb. Bkabfokb Maxteb. 

In a recent paper (this vol., p.' 168), the equilibrium between 
nitrogen, hydrogen, and ammonia at high temperatures was dis- 
cussed from a thermodynamical point of view, and evidence was 
brought forward showing that .in' all probability the ammonia con- 
tent of S'Uch a gas mixture in equilibrium, after d-ecreasing with 
increasing temperature, eventually passes , through a, miniinuxri and 
finally I’ises once more. On' the .'Basis of this . theoretical indica- , 
..tiO'U of the possibility of a thermal synthesis, of ammo'nia, it was 
.shown . experimentally dhat considerable yields of ammonia may be 
obtained By cooling' a . mixture of nitrogen and. hydrogen 'extremely 
rapidly from, the temperature of' the ' oxy-hydrogen flame t.o that 
of the ''room. 

' .In cO'Utimiation of the' above' work, 'and especially in vie/W of the 
■known fact' that a mixture of nitrogen -and hydrogen may Be coaii- 
■pl.etely converted into ammonia By sparking in a eudiometer over 
.' -dilute ,' acid' (Donkin, Froe, Boy, Soc,, 1873, 21, '281), an iiivestiga'- 
"tion' was Begun of the yields' of ammonia obtainable from rapidly 
"cooled, .high-tension . arc, also- by sparking, ' the jxresent 'paper 'being' 
'■:.,a summary 'of 'the results obtained. ''by, induction discharge' modified 
'in ", 'such '.a way' as to. constitute a small, high-tension,, arc' b.urniiig 
within' a ' capillary ' tube, : 'through , which ' the ' , mi:x.tur6 of ', ' nitrogen 
'and" hydrogen ".was; passed".'' 

By confining the actioii' 'to a' capilla'ij.ltube, ' 
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(,leseril)'6dj tlie gas to be treated may be brought uniformly into 
contact with, the discharge-j and it was found easily possible to 
ol.)taiii at atmospheric pressure yields of aminonia amounting to 
1*5 p'Gr cent, by volume of the gas-mixture taken for treatment. 
IiKiiictioii sparks, as such, were found to exert a comparatively 
feeble action on the synthesis, energetic formation, of aiiimoiiia only 
t^aking place when the electrodes were brought sufficiently close 
together to transform the ordinary spark discharge into a small, 
high-tension arc, accompanied by a visible and apparently con- 
tinuous Ihime of high temperature. 


Ex MENTAL. 

The apparatus employed for the series of exp'Oriments about to 
be described consisted of a capillary glass tube having an internal 
diameter of 0*65 mm., an external diameter ol 5 mm., and a 
length of about 10 cm. Platinum wire electrodes, 0*25 mm. thick, 
were sealed into the capillary tube- in such a way as to leave a 
spark-gap- of the size required, whilst- the passage of gas through 
the tube was effected by means of £used-on glass side-tubes.- -- 

It was found, inadvisable, on account of frequent fractures, , to 
employ a heavy discharge, the most satisfactory conditions for the 
investigation being obtained with a 'Hwo-inch^^ coil, supplied, with 
a primary current of from 3. to 3*5 amperes from the-v laboratory 
22()-volt 'main. Pure hydrogen and nitrogen -for., the synthesis 
were mixed in .the .proportion of three to one in. a large gasholder 
and compressed- into a, cylinder for convenience in.iis-ev, -This mixed 
ga-s was passed -at carefully determined . rates through- the capillary 
spark-gap, the ,ain,Tuonia formed 'being- abso,rbed' in dilute , acid and 
,estixrmted 'by nmans': of Nessler’s eolution.^^ , 

.-'■-The fir,st point to be investigated, was .the' influence of the size 
o-f'..'the spark-gap -.on' the, yield'-of,a-mmoma, .this.g.a'p. beiiig.''Variad- 
:-f-r-qni. ID.-to while the rate -of passage of . the .gas w'as- 'first" 

.kept constant at, 4-0 c.c. p-er hour, and,- -secondly, varied in,., such, a' 
way :'that the -'time of .-contact- was ' kept at 0'0-015 -,,seeo.nd. , fo'r' spark- 
.gaps ''of:'.„varioua . 'sizes.- ', Table - 1-. 'summaxise's,. the ' results obtained 
by' the-' first' of, these -two, .methods, 'namely, wi-th'.a constant. rate of.., 
flow,,' table, II tho.se obta,ine'd-.’by,the:'second,- that' is, wi:th'.;'a.'co.nsta'iit',. 
time of contact with the spark-gap, the primary current being in 
''-.e-very^.-case-ll-S-" .am.peres, at -.220 ’■-yolts.-'^ 
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Table I. 

Rate of Floio of Hydrogen-Nitrogen Mixture 40 c,c, per hour. 


Length of spark- 

Nature of 

Percentage of am- 
monia by voliirn© 

gap in mm,. 

cliseharge. 

in issuing gases. 

10 

Spark 

0-1 

5 

Incipient flame — 

0*25 

1-5 

Arc flame 

0-8 

0*5 

Arc flame 

1-1 

Table II. 

Estimated Time of Contact^ 

0‘0015 sec. 

Length of spark- 

Nature of 

Percentage of am- 
ino-nia by volume 

gap in mm. 

discharge. 

in issuing gases. 

10 

Spark 

lass than 0-0 1 

5 

Incipient flame 

0*04 

1-5 

Arc flame 

0*5 

0*5 

Arc flame 

1*1 


It will be seen that as tlie size of the spark-gap is decreased, tbe 
flame loses its well-defined spark-like cliaracter and becomes a 
small but intensely bot bigb-tension arc, this flame, probably by 
virtue of its high temperature combined with the rapid cooling 
e;ffect afforded by tb© relatively cold walls of tb© glass capillary 
tube, possessing the power of inducing the combination of nitrogen 
and hydrogen to an extent obtainable otherwise only by the action 
of a catalyst under a high pressure. ■ The rate of flow of the 
nitrogen-hydrogen mixture through the capillary tube was 
measured by allowing the gas issuing from the reaction tub© to 
pass through a small, , specially constructed gas-washing bottle, in 
which the ammonia was 'absorbed by very dilute sulphuric acid, 

. the number of hubbies which- formed per minute being cou,ntr6d 
and the volume, of a bubble being- known.. The • estimation of 
ammonia in the resulting solution was carried out by means of 
Messier ^s, reagent. 

It is difficult to , estimate the temperature of -the small high- 
.tension arc formed, which, however, for the purpose of obtaining 
rough comparative figures for -the various times of contact, has 
been assumed ' -to, be at - approximately 3000*^, .but , the effect of 
increasing temperature on the yield' of ammonia 'formed- is clearly 
seen. This rise in yield , with' ' increasing , tem'pe-r at ure at high 
temperatures (in contradistinction from, the' decrease- obtained, .at' 
moderate"' temperatures)- agrees with 'the results. ..already '-. reported. 
'Wh©ii.,', workmg'.with.'; small ' spark-gaps, a considerable deposit of 
-platinum, removed from 'the, .electrodes ' by .volatilisation '..nndv-other;'" 



alt;k'^ : at'omtc ant) moi.eotjt,,ae numbers. 


389 


meaiis^ was obtained on tlie sides of tlie capillary tiibe^ and in some 
cases til© tube became fractured by tlie intense local heat^, altbougli 
in general the tube itself remained moderately cool, and in ' any 
case sliowed no tendency to soften. 

Tlie above results having demonstrated the necessity for employ- 
iiig as small a spark-gap as jiossible, in order to obtain the maxi- 
mum local heating effect and consequently the maximum yield of 
ammonia, the effect of varying the time of contact with, a spark- 
gap of constant small length (0*5 mm. and 1*5 mm.) was 
investigated. ' With an exceedingly sm.ali arc of the nature 
described, sufficiently rapid cooling for the retention of the 
ammonia formed is readily obtained by the action of the tube 
itself, the difficulty being rather the uniform heating to arc 
temperature of the comparatively rapid current of gas. 

Table III demonstrates this point, it being found that any 
increase in the time of contact of the gas with the small arc, 
within the limits studied, causes a corresponding rise in the 
ammonia-content of the issuing gas. 


Table III. 



Spark-gap 

Velocity of 
flow in c.c. per 

Estimated time 
of contact 

Percentage of 
ammonia by 
volume i'll. 


in mm. 

hour. 

in seconds. 

issuing gases. 

(a) 

0-5 

97»2 

0*0006 

0*7” 

0^5 

40-5 

■ , 0*0015 

M 


. ,0-5 , 

18-9 

0*0032 

1*4 


O'fi 

15-0 

0*0041 

1*5,^ 

{&) 

1-5 

670*0 

0*00027 

0-25 

1-5 

130*0 

0*0014 

0*5 


1-5 ' 

64*8 

0*0028 ' 

0*6 


1*5 

,34*8 

0*0052 

0*87 


The above, results . appeared to o,ffer considerable eneouragemeBt 
for the investigation of the formation of ammonia by rapidly 
'"cooled high-tension arcs of ■ a larger -size. The results of such work 
will be communicated in a later paper. 

■ [lieceM, MareJi ' 


■ ' XXKllL~Atomie'’and' Molecidar Numbers. 

By Herbert Stanley Allen. 

Atomic Numbeeb. ' 

Atomic, .weight and its, determination have ' occupied a 'prominent 
position iir tlie work of 'chemists' since "Dalton ''first' put forward the"' 
Ato,mic Theory."' .Recent investigations in connexion with radio-' 
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active elcineiits and lead derived from radioactive siiljstaiices have 
proved tliat. the atomic weight has not the unique value hitlierto 
attributed to' it^ and that a chemical element, such as lead^, may 
be a mixture of '' isotopes” occupying the same place in the periodic 
classification, but inseparable by chemical inethods. Increasing 
importance is now being attached to the atomic iiunibei: of an 
element, that is, the number which denotes tliC' position of the 
element in Mendeleevts periodic table. As is well Jmowii, there 
are a few instances in which the place of the element is not in 
agreement with the atomic weight determinations; in such cases, 
the atomic nuinber is given the value appropriate to tire place in 
the table assigned by the chemical or physical properties. The 
values of the atomic numbers now accepted are given in table I, 
wdiich follov/s the periodic classification of the elements coiimroiily 
.adopted, A better representation, of the facts is obtained by 
.ein jrloyiiig a spiral in three dimensions. In this case,, hydrogen 
may be placed at the pole of the spiral. 

According to the electrical theory of matter, the atom consists 
of a central nucleus or core, carrying a resultant positive charge, 
surrounded by rings of negative electrons. It was , first suggested 
by van den Broek that the number of the place in the periodic 
table was the same as the number of electrons in the atom or the 
number' of unit charges carried by the nucleus. .The same suggcS“ 
tion was made shortly afterwards hy Soddy in connexion with the 
radioactive changes in the last thirteen places in the periodic table. 
The hypothc'sis is confirmed by the measurements of^ Barkla on tlie 
intensity of the X-radiation scattered from various siibstanceH. 
These indicate 7 electrons per atom of N, 8 for 0, 6 for.CVlCi for 
S, 1 for Jrl. Butherford's work on the scattering of a-p^ariicles "by 
atoms . of . matter led him to the conclusion that the . conc'entrated 
nuclear 'charge was approximately -equal to half' the atoinic weigh, i. 
'multiplied by the charge of 'an electron. '. Tli© atomic numbers o;re, 
in fact, rO'Ughty, equal to half the atomic weight. 

It was, however, through the work of Moseley o',ii the frequeriey 
O'f vibration of the* X'-rays, .which are characteristic of the eleiiie’iit.s, 
that the .'importance, of .the atomic numbers ' was firmly establishei::!. 
The' square root of the frequency of - a. line in the X-ray spect'mni 
was found to be proportional to'' a number which i'ucreased by 
unity in passing from ..one. element to the ne'Xt in the- periodic' table.' 
Thus 'every, element from aluminium -to . gold may b'e 'Characterised 
by an ' integer, ' .'which. . determines .its X-ray spectinim. . ■ ■ These 
".atomic numbers' ..were tabulated’ for the; .elements"' in"..q'iieation. .on 
^'the .. assumption . that' .N '"for "alum'inium ■ is ■.. 13. .. B.etween'' ■ uranium 
ia.nd ''hydrogen, 'only five paces remain'' vacant. "For the rare earths, 
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Elements not placed in the order of the atomic weights. 
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wlikli ha?© not been tabulated in table Ij IViosoley fouiiil tlie 
following values for N: La, 57; Ce, 58; Pr, 59; Nd, 60 ; Sa, (>2; 
Ell, 63; Gd, 64; Ho, 66; Er, 68. 

It may now be regarded as certain that most of the propei:t:ies 
of the elements depend on the value of the atomic luimber rather 
than on that of the atomic weight. For example, the at;omic fre- 
quency which cleberniines the thermal behaviour of the element in 
the solid state has been shown by the author (Proc. Iloif. Boc.^ 
1917 , [ 1 ], 94, 100; Phil. Mag., 1917, [vi], 34, 478, 488) to bear 
a simple relation to the atomic number. Certain electronic fre- 
quencies are related to the atomic number in a similar way. 

■ It will be noticed that Moseley s work does not give an unique 
deteiiiiinatron of the value of N, since it, he based on the assuinp-' 
tion that N is 13, for aluminium. Rydberg has suggesteni that two 
unknown elements should be included' in the periodic table between 
hydrogen and lithium, so that the atomic number of lithium woulrl 
be, 5 instead of 3. For all, the elements later in the table, Ryd- 
berg’s ordinals would be gTeater than Moseley’s numbers by 2 units. 
Evidence in favour of Moseley’s numbers is accumulating. ' Thus 
Barkla’s results on the scattering of Z-rays by air show that the 
number of electrons is as near to 7 for an atom of nitrogen as it 
is possible to estimate the pressure of the air under which the 
exp|riments -were made., Jn the work of the present author on 
the relation between atomic frequency and atomic number, it was 
found that the atomic numbers of Moseley gav© more satisfactory 
agreement than did th© .atomic ordinals of”' Rydberg. 'The sani© 
conclusion „ w,as arrived at by van den Broek. (.FA'//.’ Mjtq. 1914'. 
[vi], 28,.:630). „ ■■ ■ ‘ 

The atomic numbers express in a compact forni' ina'iiy ,facts' that 
have been, long, familiar , to students of chemistry. They afford ^'a 
striking, ■ confirm, a'fcion of the' statement of Chancourtois',; mad© ,in 
1863; ''The properties of the bodies (elements) , are "'the properties 
'of' number, h Newlands assigned to the elements' 'numbers (from 
1 to 56) to indicate the order in- which the elements must be placed. 
,"when ■ arranged, in' the; ascending' order of 'their , atomic weights'. H©' 
put forward the "law' of,' octaves,’’ ■ according to which, the 
"numbers for members of' the same family will differ ' by 7, or some 
■multiple , of, 7', provided that th© ■ elements are not consecutive', 
hrewlaiids admitted ■ that it 'might 'be necessary to alter the number' 
(/■) separating ,analO'gous elements 'to some higher figure should 'a 
.large number , of new ' e'iements be discovered '(co',mpar6, 'Garrett' ' 
^,, The Periodic " LaW'/’,, ,1909,, Ch., III.), ,An examination ■' of the 
atomiC', numbers' of table' I, shows' that .in '.-many cases the difference 
between the numbers for members, of',, the ' same 'faniily 'fc 8 



ALLEW : ATOMIC ANB MOLEOULAE H'UMBBBS. 


393 


or some multiple of 8. In other cases, however, the dilerence is 
found to be 18. Thus in the case of the inert gases ol the zero 
group, the atomic numbers for He (2), Ne (10), A (18) show differ- 
ences of 8, whilst A (18), Kr (36), and Xe (54) show differences 
of 18* The.' interval between Xe (54) and Xt (86) is 32 — 4x8. 
Ill the case of subsidiary families of the same group, a common 
difference of 10 is manifest, for example, K (19), Cii (29), or 
Rb (37), Ag (47). The reason for these variations from the more 
commonly observed difference of 8 is the presence of three elements 
(for example, Ee, Co, Ni) instead of a single element in Group VIII 
of the table. The two extra elements change the common differ- 
ence from 8 to 10 or from 16 to 18. Thus the law of octaves must 
be replaced by a new rule, which may perhaps be termed the rule 
of eight — a rule, however, to which there are quite definite excep- 
tions (1) in the consecutive elements of Group VIII, (2) in the 
elements displaced two units by Group VIII, (3) in. the metals of 
the rare earths. 


Molecular Numbers. 

The author has suggested the introduction of the term ^^mole- 
cular number*^ to signify the sum of the positive charges carried 
by the atomic nuclei contained in the molecule. Thus the mole- 
cular number bears the same relation to the atomic number as the 
molecular weight bears to the atomic weight. When a molecule 
contains a atoms of an element A, h atoms of B, and c atoms of C, 
its chemical formula may be written A^B^^Cc, whilst its molecular 
number will be N = uNa+ cN,,, where N^f, N&, are the 
atomic numbers of the component elements. For exafnple, the 
molecular number of water (ILO, hydrol) is 10, for the molecule 
.contains two atoms of hydrogen (nuclear charge, 1) and one' atom 
of oxygen (nuclear charge, 8).- .Thus the C.G.B* system of' units 
is' a decimal system in a deeper' and .more mtimate sense , than ' its 
originators supposed, for if' is ■'based on .the assumption that the' 
gram is the mass of 1 c.c. 'of w'ater . at- the temperature at .. w.liich 
.its' .density ,, is a: maximum." ’This fa.ct; probably accounts; for. the 
remarkable "numerical relations,' involving .powers, of 10, .which the 
author /has shown to exist' between - certain fundamental physical 
constants' '(P/Yi'<7,, Zro-?z^o./2'',' 191-5, 27, 425).' 

; -'"The four . 'compounds, CH^,' N-H^, HgO',." HE, , formed by- the "com- 
bination,, ' of' . hydrogen-: with- ■■ a’,; typical element' '.belonging "to' 
'successive groups -in the second ,-serie's of ' the', periodic table, all, 'have 
„the , ,s'am6:",.',m,olecular' number*,;'’'-, .'-The. 'corresponding' -■ elements' "; in- 
tKe third series of the table ■'-■form compounds with hydrogen of the 
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same type, SiH4, PHo, HCl, all having the irii)le(:n:ilaiviuiiti.ber 

18 (=^10 + 8 ). 

It may be remarked here that the molecular number is iisiiaiiy, 
but not invariably, an even number. This arises from the fact 
that when ' the valency is odd, the atomic number is usually odd 
also; but in the case of an element, such as copper, which may be 
either univalent or bivalent, or in the case of some of the metals 
of Group VIII the molecular number may be odd. 

We have seen that the atomic numbers of analogous elements 
iisiially differ by 8 or a multiple of 8 , or in some cases by a number 
that is 2 units greater than one of the foregoing. It is obvious 
that results of a similar character are to be expected ' iii^ dealing 
with the^ molecular numbers of analogous compounds. The halogen 
compounds of the alkali metals may be considered by way of illus- 
tration. The results are collected in table II, the figures in, italics 
being the differences between the molecular nnnil 3 ers in adjoining 
rows or columns. , 't ■ 

Table li. 



F 9 


Cl 17 


Br35 


1 53 

Eiement-. ' 

Fiuoride. 

Chloride. 

Bromide. 

Iodide, 

'Li-3, ' 

12 

S 

20 

18 

38 

IS 

'56 


S 


8 


8 


S 

Kali' 

20. 

8 

28 

IS 

46 

IS 

64 


S 


8 


8 



K- 19 

, 28 

8 

36 

18 

54 

IS 

72 


18 


18 


18 


18 

,. ,:Rb37 ' , 

40, 

S 

54 

18 

72 

IS 

90 


18 ' 


18 


18 


IS 

Cs'5,0 

64 ., 

s . 

72 

IS 

90 

18 

108 


The molecular number of a cuprous haloid exceeds by ' 10 that 
of the. 'Corresponding potassium compound, and similarly , the inole- 
cular number of' a silver haloid exceeds by ■ 10 ' that of the ' corre- 
'spo.ndmg rubidium compound. 

In the case of an element which has' a. valency "greater than, 1, 
the results "may be more, complicated, since one or more of the 
atomic numbers may require multiplication by, a numerical factor 
.depending 0 , 11 ' the number of atoms in the molecule... For com- 
pounds: 'Containing only" elementa from N = 1 ' ,to' N = 25, ' however:, 
comparatively simple results will he -.obtained, since the divergences 
.due- to the three 'elements in'-- Group VIII do, not then -appear.' 

.Instead of ."' the' , law of octaves,-., we have what has been termed^ 
the "rule of e:ight:, holding, w'ith certain' exceptions,' ' in "'.conn exion- 
"with ' the .molecular numbers ' of - analogous compounds. 

,, - .The.valtie '-of . 'N. for a compound radicle can be calculated in the 
same way as for a complete molecule! Thus for the-' ammonium 
group (NH 4 ), the value of N, which .'.may 'be' called the group 
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number or ih© radicle number, is IL It is noteworthy that this 
is the same as the atomic number of sodium, which can be replaced 
by the ammonium group in so many of its compounds. The prin- 
ciple her© involved may be extended, and may say that in' a 
chemical compound one radicle may frequently be replaced by 
another having the same number, or a number differing from the 
first by 8 or a multiple of 8* 

The hydrogen molecule, H — IT (N=:2), may be regarded as the 
typical simple molecule, from which a large number of chemical 
compounds may be derived by substituting for one or both of the 
hydrogen atoms another atom or radicle. 

Thus water may be looked on as a typical compound in which 
one atom of hydrogen (N = 1) is combined with the hydroxyl group, 
OH (N“9). The hydroxyl group may be replaced by OIT3, NH2, 
F, for each of which N = 9, giving rise to the compounds methane, 
ammonia, and hydrogen fluoride. Again, in each of these com- 
pounds the hydrogen atom may be replaced by one of the groups 
mentioned, giving rise to such compounds as C2H0, C'Hg^OH, 
NH2*0IT, HgOgy for which the molecular number is 9 + 9 = 18. 

Owing to the fact that the group number of •CH2* is 8, the 
rule of eight is prominent in the case of organic compounds. In 
open-chain compoundvS, the addition of each CH2"gronp means an 
increase of 8 in the molecular number. 

It is necessary to enter a caution as regards the interpretation 
of the results when dealing with a chemical group or radicle. The 

group number may be taken to represent the sum of the charges 
of the atomic nuclei of the group. It will only represent the 
number of negative electrons associated with the radicle as well 
when the radicle, considered as a whole, is not charged or electric- 
ally neutral. According to the views of -Sir J. J. Thomson (FMl. 
i¥^7p,, 1914, [vi], 27,:768), the radicle may be charged either posi- 
tively or negatively, and in such a case the number of negative, 
electrons will differ from the radicle number here given., 

' ' The molecular numbers here discussed, and the relations between 
them, are not mere arithmetical curiosities. , , It . is ' to be remem- 
bered that the molecular nuipber' is , associated with a perfectly 
definite, physical conception, namely,- the number of unit,charges- 
found -in the positive nuclei of,. the atoms in the ,rnol6cul,e or , the 
number .of the, complementary-, -negative electrons. It- is. to - ,be, 
anticipated that, the molecular numbers will , play an, , important 
part 'in' determining the,:', physical -.or -chemical characteristics ',uf 
molecules ' Or radicles.^ .,Som'e -progress,-'- in,, .. f act, ,, has already been" 
made ^ in.' -establishing- such, ;,a ■.'.conhexion.- , It has-, been -shown.'.,, by; 
Nernst': ,'and ^ others' ,; that ,''„th0'-, therm'-al ' beha-viour' .,of,-,a, ''-comp'pu'n^^^ 
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tlie solid state- depends on a certain cliaracteristic frequency or 
frequencies. Tli© autlior lias found (^FhiL Mag.^ 1918, [vi], 35, 
338) tliat simple relations exist between tbe products obtained by 
niuitiplying sucli a frequency and tb.e molecular iiiiinber of the 
compound. T|us there must be an intimate connexion between 
the specific heat and the molecular number. In the . autlior^s 
opinion, it is safe tO' predict that other physical properties of 
chemical compounds wdll be found to depend on the values of fclie 
molecular iiiimbers. 

King’s College, 

Univeesity or London. { RcceAved , Jamiary IWi , 1918.] 


, XXXI?,— hettveen Solid Suhstances, 

By Leslie Hehet Pabkek. 

In a previous comnuiiiication by .'the author (T., 1914, 106., 1504), 
.'it has been shown that under certain conditions it .is possible to, 
bring about interaction between various pairs of solid substances 
by m,eans of shearing .stress,, even at ..ordinary temperatures, or., .at 
least very greatly to increase the ' -velocity of these reactions above’" 
that which normally pertains at- thes-e temperatures. 'The - exp-eri-' 
rnents -described in that paper led the author to the, conclusion 
that shearing stress, such as'.co'uld.. bo applied , by hand, between .' a., 
pestle. mid. mortar,' is .widely diSerent . .in its e€e-cts-. fr.03nCsim|.-d^ 
pressure, -and that -o-'U-e of , the main reasons-,- why it is able to bring ; 
about reactions between apparently ■ solid substances.,.,is that lo,cal, 
or '-'surface fusio-n-'of the re-acting- s.ub8t'ances is. ,occasiO'ned. .- 
.". This phenomenon seemed of .s-ufficient , interest. ,to warrant, further 
study, as it -is -a' m^e.ll-kno-wn 'fact- '.that salts ,, in, the'^ .fuBed 'state are „ 
-capable - of reacting, together. ' ■ 

In , -considering the ' conditions under w.hich solid 'salt pairs are 
c-apabl'-e.- ,o-f,„ reacting, it,, has to -be .-.remembered' that most of the 
or dina'ry: salts' melt at a, . temperature that, is high compared with 
that -at .'which - one,,, co-mmonly w-orks with these -substances; 'more- - 
over, 'that'.a -sl'ig'ht rise in. temperature' very -often .occasions a very- 
r,a-pid""','increas-'e -in,, the, reaction velocity 'hetween two substanc.es. 
P-rom this '.it; -follows, that .'.the rea'diness with which - two -salts react ,. 
-in. "the -..fused; state may be, '.due- to' the mteence-.of.'-one.or .both ..of 
the following factors, namely, (1)' the necessa. 
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to bring one or botli of the salts into a state of fusion, oT (,'2) the 
existence of on© or both of the salts in the Liquid ^taie, and the 
iiitiiiiate contact occasioned thereby* 

The object of the present investigation was to atteinpt to gain 
some idea of the relative importance of these two factors, because 
if high temperature is the main influence in causing two salts to 
react, some further agency must be looked for than mere fusion 
when reactions are brought about under shearing stress. If, on the 
other hand, the existence of the liquid state is the predominating 
influence, there appears to be no reason why salts should not react 
with appreciable velocity at ordinary temperatures should one or 
more of them be brought into a state of fusion, however transitory* 
All investigation was therefore commenced on the velocity of 
reaction between various salt pairs at temperatures up to- and 
through the melting point of the mixtures. The form of the curve 
obtained by plotting velocity of reaction against teniperaturei should 
give, information on the point desired. 

Let us suppose that, the temperature- is the main influence in 
accelerating the velocity of reaction. The latter will go on in- 
creasing as the temperature rises until the melting point of 'the 
mixture, is reached. ,Ai -this 'point, how-ever, there should be no. 
marked increase in .velocity, as we ha v-e assumed , the exiateiice of 
the ..liquid' state to be of secondary importance. .The curve .should 
therefore exhibit no discontinuity at this temperature, but pass 
smoothly through the melting point. 

. 0.11 the other hand,. let -us suppose that the existence of the liquid 
state is. of. greater importance to the progress of 'the reactio.n.. 
There may b'C, and pro-bably will be, an increase of .reaction- velocity 
between the two' .mi'xed salts 'while still both in 'the solid state. 
When the point of fusion of the mixture is reached, however, there 
wiil be a sudden i.ncrease in the reaction velocity, and the. curve 
dvill exhibit a s'lidden 'break at this temperature. . 

.' Exp An-. - . 

Sixliitni Oarboiiate and Bar imn 

' - ■ The - interaction between these substa.nces'. .has .already ' been.'' iii- 
'vestigated u.nder shearing stress, -as describ-ed in the previo-us.. paper' 
(loc.L'cit,),: 

1.0-’'6 Grams of sodium.' ca'rbonate, prepared 'froin- purified ■ .so.dium'' 
' hydrogen ''carbonate and: dried by '..'.prolonged' heating, were-' 'mixed-' 
with TB*'3'4^' grams'' (equivalent 'quantity) ' of , baiiuiii sulphate, '-"pre- 
:'cipitated from purified barium chloride, and- dried 'by heating in a 
..-■current of dry air. The two salts were placed in a dry, air-tight 
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bofctlej stirred with a glass rod, and shaken for fifteen minutes to 
mix them thoroughly. An arbitrary sample of this mixture was 
then taken for analysis. 

A quantity equivalent to 1’06 grams of sodium carbonate 
(3 ’394 grams) was weighed out, treated with cold water, and 
lixiviated through a specially prepared Gooch crucible, the filtrate 
being treated with N- and A/lO-hydrochloric acid, as previously 
.described (loc. dt.). An amount of acid was neutralised corre- 
sponding with exactly 1'06 grams of sodium carbonate, showing 
that the original mixture was homogeneous and not affected by 
water. If sufficient care were taken to ensure that the salts were 
in a fine state of subdivision, and that they were stirred (not 
ground) and shaken together sufficiently, this method of sampling 
gave a similar result- with many other experiments. No variation, 
in the composition of the mixture in various parts was therefore 
to be feared, especially as only sufficient mixture was made up 
at any one time for nine experiments and one sample. 

A nickel boat was then constructed to accommodate, when about 
half full, 3*394 grams of the mixture. This was heated to 
various temperatures for various lengths of time in an electric 
furnace, constructed by winding about 900 cm. of nichrome wire 
(4*1 ohms per metre) on 20 cm. of opaque silica tubing of 4*4 cm. 
internal bore. This was insulated with about six turns of asbestos 
paper and two turns of asbestos cloth. The ends were closed with, 
asbestos card, and the whole was connected with a 110-volt lighting 
circuit, when suitable temperatures, as registered by a thermo- 
element, could be obtained and adjusted by variable resist-anceB. 

The .procedure for, each experiment was to heat the furnace to 
the required temperature, open one end, quickly insert the boat 

Table- I. ■ ' ' 

680--6B5® 
48* r 
52*8 
57*6 
58*8 

60^6 

700 -- 720 ^ 
(fusion), 

, 60*0 
" 60 * 6 - 
60*0' " 
59*2 


Time , Sodium carbonate -transformed, ' Bor cent 

.in — — — — 


minutes. 

105'=’ S 

JIO— 215,® 

310® 

360® 

400® 

500® 

600' 

' 30, " 

0*55 

0*48 

1*07 

0*96 

1*37 

'8*42 

30-5 

.-. 60 

1*37 

0*30 

1*31 

1*25 

.■ 2*27 

11*7 

34-4 

'■90 ■ 

^ , ' 

1*10 

1*97 

2*26 

3*34 

11*1 

37-6 

.■■'1.20'. 


1*37 

2-62 


3*64 

13*1 

40‘6 

"■: ' -,160- 

'O-So'-', 

— 

2*98 


3*94 

'13*2- 

44-0 



"1*79 ^ 

■ ' — . 


— 



— , 

.'. '..210' 

: 1*3:7 

" ' 1^79 


2*86 

3*76 

17*4' 

46-3 


"10 

30 
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containing tiie mixture^ so adjusting its position in tlie middle of 
the furnace on some silica supports that it was clear of the walls 
of the furnace and almost touching the thermo-element, and close 
the furnace for the required time. At the expiration of a definite 


■BaSasss 


Time in minvies, 

period, the boat was withdrawn and the residual sodium carbonate 
was estimated. The results are shown in the table on p. 398. 

These results are expressed graphically in Pig. 1 . - 

It will be noticed that this ihixture fuses at about 720° (as 
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registered ] 3 y tlie tlieniio-eleinent used), and in this state the velocity 
of reaction, so far as can be seen/ is practically instantaneoris, 
eqiiilibriiiin being set up foi' the reaction 

Na^COg + BaS 04 BaGOg + ISlasSO,^ 
when about 60 per cent, of the sodium carbonate is transformed. 

It will also be remarked that up to 400^, the amount of sodiiiiii 
carbonate,' that has entered into^ reaction with the ]}ariuni sulphate 
is insignificant, even after three and a-half hours. What little 
double decomposition has occurred has taken place fairly regularly, 
and it is fairly easy to compute the average reaction velocity for 
the temperatures up to 400°. The curves for 500°, 600°, and 685°, 
liovij'ever, show some peculiarities. It will be noticed that during 
the' first thirty minutes, in each case the reaction has started fairly 
rapidly/ but, after this tim.e, has .slowed dowii to a regular velocity, 
the points lying practically on a straight line. 

This might be explained by the presence of a trace of moisture 
occluded in the particles of the salts, which is always very difficult 
to remove. At the high temperature of the experiments, this is 
rapidly expelled, but causes a certain amount of reaction between 
the salts on its own account. Once driven off, however, its inffuence 
is lost/ and the straight part of the curve represents the true 
velocity of reaction between sodium carbonate and barium sulphate 
at any particular temperature. 

It is possible that this moisture may have occasioned the small 
amount of change at the lower temperatures, and that had it been 
possible completely to dry the salts, the velocity of reaction mp to 
400° would have been negligible..- In. the curve for .685°, .the .por- 
tion betwe'en the points- A -.and' B has heen .taken' as ' representing 
the .reaction v-elocity, 'as ' the, point' (7 represents. .equilibrium,. /-which 
was -probably .attained befo're'the time 'represented: in the- figure ■'(■2.10 
minutes). -., If we. now" plot reaction -'velocity' against'.- temperature,' 

'. we ''obtain .tho', curve'' shown in Big,'' ,2..- (continuous lin'e)/ which' is 
remarkably -reg'.ular .'up'.'to'’''the-' ■■point'-foiA'7'20°-, .' when; the -velocity. 
O'-f' the reaction , at that' .point 'becoming -/instantaneous, ' a sudden 
break,. in. '.the continuity of the 'curve occurs; - ' 

" If- the ■equilibrium., ,'Pf .this, system'' i's" consid'Cred,.- it will be seen 
.that in the solid state' there are^ pres'ent four solid ' phases, which 
can '.'. -be .defined , by 'three 'com’pone.nts'. ■ : This gives one degree of 
freedom for the' system, .and 'the. equilibrium is therefore determined 
by. the temperatiire-; it is '.therefore ''.probable that there .is a. definite.' 
..eqnilib-rium mixture for each' temperature, and that the lower curves 
.in .Fig. 1, .would' not ,,, .all ' -of .■' 'necessity- app'ro-ach the . equilibrium 
'attained "on fusion, - 'namely, 'the transformation .of '60 per cent, of 
the sodium. . .ca'rb ona-te-.. ' ' 
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It was also endeavoured to reconcile tlie- velocity-teniperatiire 
curve ill Fig. 2 with the forninla put forward by Arrlieiiiiis and 
vaii’t Hoff, namely, 

^dT ™ T 

Tlie (lotted curve in Fig. 2 is that given by the formula 

log/; = + 11-24 log r - 36-332. 


Fig. 2. 



which'. iollows the., experimental ■curve ■'very ^"closely, 'except:' at '.dhe 
higher- temperatures as the', point o,f .■fusion;, is approached..;"'"'' 

The "■next twovcases were ' chosen ;to: '/he of such a . nature '.':tha,t".''n,0' 
' limiting; 'equilihrium'..; could :■■ bed 'Ob^ being' -'possible "/for the 

rea'ction''to'':'proceed'';.to^,.comideMpn:.&;:,one'^3ense'.',;;:'y 




402 PARKER : REACTIONS BETWEEN SOLIB SUBSTANCES. 


Silver Nitrate and Sodium Oarhonate. 

Tlie products of this interaction are silver carbonate and sodium 
nitrate^, and as the former is unstable, decomposing with rapid 
evolution of, carbon dioxide at 100°, the rate of evolution of this 
gas from a mixture of silver nitrate and sodium carbonate could 
be used as a measure of the velocity of reaction between these two 
salts. The reaction may be regarded as capable of proceeding to 
completion in the sense 

NagCOg + 2 AgNOg = 2Nalsr03 4 - Ag^CO^, 

as the only equilibrium which can be established is that between 
silver oxide and carbon dioxide, which may be neglected. 

Silver nitrate crystals were purified by recrystallisatioii from 
dilute nitric acid solution and dried by heating just above the 
fusion point for two hours. The sodium carbonate was prepared 
and purified as before. The apparatus employed in these experi- 
ments consisted of a thick Jena-glass test-tube, somewhat longer 
than the electric furnace used to heat it, with a tube of soft glass 
ground into its open end. This tube was sealed to the gauge 
column of a Sprengel exhaust pump. The mixture of silver nitrate 
and sodium carbonate (alwa3^s 1*699 grams of the former and 0*53 
gram of the latter) was placed in a porcelain boat, which was then 
introduced into the Jena-glass tube. This was then connected to the 
pump, the apparatus exhausted, and the Jena-glass tube and con- 
tents were heated by the electric furnace. The rate of fall of the 
manometer on the pump was noted, giving a measure of the velocity 
of reaction proceeding between the mixed salts. The salts were 
tested for occluded gases by being heated separately in a vacuum. 
Ho appreciable fall in the mercury was to be noted. In any series 
of readings taken at any particular temperature, after the last 
reading the tube and contents were allowed to cool to the ordinary 
temperature, when the manometer was again read, and all previous 
readings for that experiment were corrected accordingly, thus 
eliminating the effect of the various temperatures on the partial 
: pressure ■ of the carbon dioxide.- The',' results" are shown in ' the 
table on. p.:403. . ,■ 

These results are expressed graphically in Fig. 3. 

'.The. ^characteristics '.previously, noted are, again .in' evidence. 
After a ,„sho,rt period of induction'over. the first five 'minutes, due 
no doubt to the gradual heating: up of the m,ixtur,e, the curves for' 
'the:''„,tempera'fcures between 110°'- 'and', 170° . show. ■ an, increasing* 
.'ra'pidity .for. the" reaction at the start^ over a period, of' about, a 
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Table II. 


Time 

in 

miniates. 

Corrected partial pressure of. carbon dioxide 

in. mm. 

o£ mercury. 

90° 

110° 

130° 

155—160° 

165° 

170° 

10 

* 



0'5 

1-8 

2*7 

15-3 

15 

— 

. — . 

— 

— 

12*6 

30*6 

20 

— . 

— 

4*5 

12*9 

22*4 

42*3 

25 

— . 

— 

— 

— 

28-6 

60*4 

30 

1-0 

5*5 

9*5 

20-2 

34*0 

53*7 

60 

1*8 

12-7 

17*2 

32-2 

43*8 

63*0 

90 

3-7 

15-8 

20'0 

37-7 

48*3 

69*3 

120 



17'0 

— . 

41-4 

52*8 

— . 

150 

5-5 

18‘0 

29-0 

45-0 

57-4 

77*4 

180 

, — , 

19-0 

29-0 

40-0 

60*0 

81*0 

210 

8-2 

— , 

— 

— 

— 

— , 

270 

9-6 


— 

— 


— 

300 

10-5 

— 

— 

— 

— 

— . 


Corrected partial pressure of carbon dioxide 



in mm. of mercury. 

in. 


' '""S 

minutes. 180° (fusion). 240 — ^250° (fusion). 

5 

3*2 

1-8. 

6 

7*2 

3*7 

7 

13*6 

6*4 

8 

25*4 

10*1 , 

9 

59*7 

14*7 

10 

97*0 

26*6 ' • 

lOi 

112*0 

43*1 

11 

125*0 

62*4 

ll'i 

135*0 

89*0 

12 

146*0 

114-0 ' 

124 

157*0 

134*0 

13 

108-0 

153*0 

134 

180*0 

170*0 

14" 

191*0 

186*0 

14'4 

202*0 

205-0 

15" 

211*0 

221-0 

15'i 

219*0 

237*0 

16 

225-0 


liU 

230*0 


17" 

235*0 


m 

239*0 


. 18 

243*0 


19 , 

247*0 


further fifty minutes. 

After that time, 

the rate of reaction '.. in 

each case becomes practically uniform. 


'..'The: curves: 'for^.lSO'^ 

where, fusion took place, and. . for;: 245'*^, 

although apparently .almost coincident: on: the diagram at the", 'scale 

given, are ' by no ' 'ftiea.ns.' 

SO' in reality. , , 'Calculated from the .fi.gures 

ill' table II, The curve.' 

for 245^^ represents 

.almost .'twice , th©'' reac-; 

tion 'velocity as does the curve for 180^.' 



Til© graphical representation of reaction velocity' against tempera' 
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tiire is sliowii in Fig.*' 4 , and again a sudden increase is. to be. noted 
at the temperature of fusion. 

In the solid state, there are here present five phases, comprised 
of four solid phases (Aghl‘03, Ag203 lS[aH03, NagCOg) and one 
gaseous phase (CO.^) ; all these are defined by the four components- 
Ag^P, Nap, N2O5, and CO2. The pressure of the system is there- 


Fig. 3. 



fore a function' of, the temperature, an e^^^aniple of the active ma.ases 
of the reacting substances remaining constant in ^ the solid, state,, 

.In'' the partly. :fu;sed .state there exist four solid phases, one liquid; 
.phase, and, one,' gaseous phase, .with.' the ..same number of components' 
as before. , | There are, therefore, 'ua 'degrees 'of' freedom, .'a,nd'.'the 
point ,1! 'is ..analogous 'to 'thO' triple point in the system ice-water- 
water vapo'ur.. ■ 't , 
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Gu'prom Ghloride and Sodium Oarhonate. 

Tliis Biixtiire was cliosen more from tl!© point ol view of dis- 
covering what liappeiied after fusion than actually at the fusion 
point. The cuprous chloride was prepared from the coiiimerciol 
substance by dissolving it in concentrated hydrochloric acid and 
pouring the solution into water. The precipitated salt was cpiicldy 


Fig . 4r. 



collected, washed with alcohol and ether, 'and' dried for many hours, 
at , ■ 

It,. remained, 'quite white, apparently; indefinitely, in a dry, ; air- 
,tight ho,ttle. For each determination, 'a, 'mixture, of ,0‘99l" gram, .of 
this salt- with 0*53 gram : of ■■■sodium, .carbonate was taken (equivalent 
■quantities),'; and ..'',dhe.^exp:6^riments,, .were ■ condu^ with the same 
apparatus, .''as., in ■■■'the^ ■,;Ia,st.,, 'reaotioir* ■■■':,.^'fhe ,re'SiiltS'. are,/ shown,,, .,.iii,.:th,e 
following table. 


E* 2 
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TaBTuE III. 


in 

miimtes. 

Corrected partial pressure of carbon dioxide 
in mm. of mercury. 

lOO'^ 

150° 200° 

260® 

5 


3*3 1*8 

3*6 

10 


7*5 8*2 

48*0 

11 


. — . — . 

83*0 

12 


— ^ 

116*0 

U 


— . — 

147*0 

u 


— — 

174*0 

15 


10*0 20-0 

199*0 

11) 


— 

217*0 

17 


, — — 

234-0 

IS 


— . — 

249*0 

19 


— — 

259-0 

20 


13*3 38*0* 

268*0 

25 


— 59-0 

310*0 

30 


15*8 77*0 

336-0 

40 


17-5 97-5 

376*0' 

50 


20*0 113*0 



60 


20-8 127-0 

■419*0 

90 


25-0 1R4-0 

— 

120 


— 195*0 

— 

150 


208*0 

— 

ISO 

nil 

— 230*0 

~* 


300® 

330® 

350® 

5 

7-3 

17*0 

9*2 

6 

18*4 

24*0 

35*0 

H 

— 

35*0 

68*0 

7 

53*0 

53*0 

1 19*0 

n 

83‘5 

84*0 

1 7S*0 

8 

119*0 

123*0 

256*0 

St 

138*0 

141*0 

307*0 

8^' 

155*0 

163*0 

353*0 


172*0 

181*0 

404*0 

9 

192*0 

200*0 

451*0 

9;| 

207*0 

217*0 


n 

223*0 

238*0 

521*0 

m 

237*0 

. 258*0 . 

— 

10 

250*0 

281*0 

569*0 

10.] 

262*0 

306*0 

, — 

101 

274-0 

334*0 

. — 

10| 

283*0 

361*0 


11 

291*0 

389*0 



m 

— 

420*0 

— 

m 

309*0 

446*0 

— 

Ilf • 

— 

471*0 

— 

■ 12 

324*0 

497*0 



' . 12} 

— 

515*0 



■ 12.| 

338*0 

531*0 


12| 

— 

548*0 


n 

350*0 

— 



■ ' 13^ ' 

362*0 

' 


14 

370*0 

— 

.. — " 


. ■ These results ■ are ^expressed; graphically in ;,Figs. ,5, and 6 ., , 
Fusion took place at about 260°, causing a large increase 
'reaction velocity. 
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It seems fairly well established, therefore, that the process of 
fusion of itself causes a marked increase in the reaction velocity 
of the mixtures, the ratio of velocity in the liquid state to that 
at the highest temperature in the solid state varying from, infinity 


Fic4. 5. 



in 'Case l/;,throngh about, 150 .■ in... Case 2, 'to about' 20 ' times. 'in 
Case 3,'^ 

It may, b.e,. taken, .therefore, that, -the' liquid "state.,'. f€f: ^:e .has ".a^ 
direct bea,rmg',' 'on.' the 'interaction. salt pairs.. ''It should be, .noted, 
,how'ev,er, that ,af'ter''insid,n':th©',welocity.;'o'f',. r 0 actiO'n.:,,,,''is/.: 
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independent of tlie temperature .as in the solid stai-e. Tiie velocity 
'lieconiiiig practicall}^ infinite on fnsio'n in O'ase 1, this cnjiiid 
be/ investigated no further, but in Oases 2 and 3 it ivS se'eii tli/it' 
f iirther ' rise in temperature causes' a further great increase .i,n reac- 
tion velocity, although not nearly so great as tlie increase' j)ro~ 


Fro. d. 



cl need by' fusion over the velocity in the solid state. In Case, 2, a: 
iise of 65° nearly doubles the reaction velocity, '.and, in' Case 3,', a 
iise'of 9,0°: m'ultiplies the rate' about' six ■' times ' The reacting mole- 
cules 'iio'w being in intimate ■montact, the, ; ■temperature'' 'b to 

■,ex.ert/' a '''Well-defined' 
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There seems therefore to be no inherent objection to the ex- 
plaiiatioii, put forward in the previous coinniunicatioip, of the 
reactions brought about by shearing stress between apparently solid 
substancesj iiainelyj that the stress causes local or surface fusion of 
the salts ; it has been shown that the liquid state, quite apart from 
temperature effects, has an important bearing on the capacity for 
interaction. 

It is, known that the size of particle may have a slight influence 
on the melting point of a substance, as in the case of salol iiivestb 
gated by Pavlov (J. Btm. Phi/s. Ghem. Soc., 1910, 40, 1022), who 
showed that the temperature of fusion was, however, only lowered 
2*8^ for one hundred times the increase of surface (ten times 
decrease of radius). This therefore is probably a factor of no 
great magnitude. 

Tammaiin {Ann. Phys. Chem., 1899 , [ii], 6B, 553, 629) showed 
that simple pressure was capable of influencing the inelting and 
transition points of a large number of substances. He also showed 
(Zeitsch. phys-ikal. Oliem ., 1903 , 46 , - 818 ) that the fusion curve for 
sodium sulphate rose to a maximum at a pressure of 750 kilos, per 
sq. cm., and then fell considerably. 

Most inorganic salts, however, have their fusion points raised 
by increase of pressure, and even. in cases of the reverse, such as 
that of silver bromide, it is necessary to apply jmessures of the 
order, of 10^ 'a.tmosphere.s to; cause fusion at ordinary temperatures. 
Although the experimental facts do not yet seem to offer a com- 
plete ’ explanation of the . action of' shearing stress as .applied to 
solid ' substances, it thus appears probable that such stress has a 
peculiar action of its own-- towards the production on the surface 
of such materials of . a state analogous. 'tO',:' if not , ideiitical ' with, 
fusion. 

Tun IiVtrFaiTA'L,Co',in';RG'n or.SciENOio AND TKOH.NOLOtaA 

. RovA,rACAiia;ECUs OF ■. '' [Peceit'ied, Mardf. IWi, WIH,] 
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XXXV.— Associatio7i of Organic Compounds in 
Benzene and Alcohol Solution as Determined by 
the Vapour Pressti^^e Method, 

By William Boss Innes. 

In a, previous paper (T., 1902, 81, 682), tlie aiitlior lias described 
the results obtained in an investigation on the influence of 
temperature on association in benzene solution by Baoiilt’s ebullio- 
scopic method. 

The investigation was undertaken chiefly with the view of clis“ 
covering the cause of the very different behaviour of the acids and 
oximes on the one hand, and the anilides, alcohols, and phenols on 
the other, in hydrocarbon and ■ other ■ .solvents, generally spoken ot 
as , associating solvents. . 

It seemed probable that if the different behaviour of these two 
classes of compound could be explained, some light would be thrown 
on the nature of association. 

As is well known, the acids and oximes give data in dilute solu- 
tion ■which indicate that the molecular weight is normal at extreme 
dilution; with increasing concentration, the value for the molecular 
weight rises, at first rapidly, then more slowly, until it reaches 
double the normal value; further increase of coiicentration affects 
the value but little in most cases. 

Anilides, alcohols, and phenols behave quite differently; the 
molecular weight increasing, generally, almost linearly, and there 
is no indication of the molecular weight reaching a limit, even at 
the highest concentrations at which it is usual to carry out .'deter- 
minations by the cryoscopic and ebullioscopio methods. 

The- investigation failed in its main objective', and it was evident 
that more concentrated solutions ' would have to be examined in 
order to arrive at the desired result. 

The reverse problem, namely, the behaviour of substances belong- 
,iiig to ‘' the associating group of. 'solvents'’ in' alcohol, also seemed 
■worthy of investigation.' 

It was decided to use the vapour-pressure method in this in- 
vestigation. If the experimental results obtained by Eaoiilt in 
ethereal ; solution by .the vapour-pressurC' method are plotted ' to 
, -show molecular, weight' against concentration, the regularity of the 
curves,, apart ' from.' the , determiiiatio'ns'. in dilute 'solution, suggests 
■that the .statical '.method., used .is ■much,' more accurate than , re'fer-'' 
ences to .it J.n literature .wo.uld. lead -one .to,"Suppo.se, and' Ihat .little' 

.is';'ii''eeded 'td.''m'ake ita'''satisfaetO'ry on^ 
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It was originally intended to use the statical metliocL With 
Ramsay and Young’s apparatus {Phil, Trans. 1887, 178^ 57), 
the temperature could be varied over a wide range, and it was 
hoped^ by boiling out the tube and stirring the solution, so as to 
prevent varying concentration at the free surface by evaporation 
or condensation of the solvent, that accurate results would be 
obtained. While the pressure apparatus was being made, the 
experiments described in the following pages were commenced, and 
the method gave such satisfactory results that it was continued 
until other work prevented the completion of the investigation. 

The apparatus employed was essentially the same as that used 
ill the ebiillioscopic method (T., 1902, 81, 685), except that the 
jacket of the boiling tube was not connected to the constant 
pressure apparatus, hut to a separate reservoir with manometer 
and pump, so that the temperature of the jacket could be kept 
approximately at the temperature employed. A temperature 
about 3^ higher than that of the boiling tube was aimed at. For 
the experiments at 75®, alcohol boiling under atmospheric pressure 
was used. The tube L of the regulator was graduated, so that 
the apparatus could be set to give the jiressure required, and was 
fitted with a micrometer screw allowing of ready adjustment to 
OT mm. or less. A barometer, trapped to prevent entrance of air 
to the upper part, stood in the same trough as the manometer 
and the difference in height was read on a millimetre mirror scale. 
This difference is, of course, the pressure in the apparatus, and is 
independent of the atmospheric pressure. A set of thermometers 
reading to OT® with open scale, made by Hicks, was used. They 
were not calibrated, as they were employed merely as' zero instru- 
ments. That they were accurate and/that the' zerO' altered very 
little is shown by the vapour pressures obtained' for benzene and 
alcohol at different temperatures. The exact temperatures are, of 
course, given by .the .vapour pressure of the solvent. In order, to " 
.qire'veiit changes of presstire affecting the volume of the .thermo- 
meter bulb, the thermometer was placed in, a tube fitting it closely 
and containing enough mercury to cover the bulb. 

The boiling. tube w.as. 'o£ such 'size that-. from about 15 to 5'0 grams 
of, solution could be .used. It was. -of' lead glass, .and no ' platinum.: ,, 
was', fused, through ' the, bottom. .' It was- packed with 'beads and- 
platinum; clippings, ,as,' alread’y'.descri:bed ,(,T.,, 1901, '79,. 26,2). - The ' 
end of ' the' condenser of, 'the '.boiling-' 'tube- .was connected,. -to a; ,'tabe '' 
■■ dipping into: a fractionating flask, .to, act' .as- a .trap in .oas-e-- o.f -, sudden ' 
frothing,, and 'the . side-tube" of -the; fractionating '.flask passed, into'',,' a 
drying.;': tub'e„''which . joined'; o'n'.;-.'tp "■ the.', -constant-pressure ''.,::,app,aratri,s'.-' ,- 
In order ' to' , ob:tai,n7,'.sa.tlsf:actory;;;resiilts, ,it ^.was /-found., 'iiec€ssary,.;,'to;",- 
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t-ake every possible precaution to exclude traces of moisture from 
tlie^ ap|,>aratiis and clieiiiicals. 

Tlie ] 3 eivzene used contained a trace of tliiopheii, it was of iier- 
fectly constant boiling point, and was dried over pliosplioric oxide. 
Tile alcoliol was finally dried with phosphoric oxide and distilled. 
It was of constant boiling point. The benzene and alcohol were 
kept ill bottles, through the corks of which pipettes passed, the 
upper end of the pipette passing into a drying tube. ThC' solvent 
was measured out in all cases. 

Most of the substances were bought in a sufficient state of purity 
for use; a'feW' were further purified. The dimethyl tartrate and 
j8"benziImonoxime were prepared. ■ The snhstances were iit most 
cases ■ melted' and cast iii a glass tube. When solid, the tube 'was 
heated, and the rod of substance pressed out. jS-Benzilmonoxime 
could not be satisfactorily treated in this way and did not form 
pastilles readily; it was partly melted, allowed to cool, and broken 
into pieces of suitable size. The substances were prepared for rise 
a day in advance and kept in a vacuum over sulphuric acid Until 
'required., 

Method. 

The boiling tube containing the solvent is connected to the 
■ cO'Hstanhpressure apparatus, the regulator set. to give approxim- 
ately the pressure required, and the apparatus exhausted. 'When 
the .pressure has fallen and the regulator , begins to act, the gas is 
lit and adjusted to such a height that the benzene boils briskly. 
It is. ' .essential that boiling should' be fairly rapid, otherwise in con- 
■centrated solutions layers of different concentration form and, 
cause "Very large, errors. After 'the -solvent has been boiling for 
a few. m,iniites,; the re^gulator is .'altered until .the 'tempera.tur©'''' is 
-'.that required' {t^), and the apparatus left, for ati hour'; if .neces- 
s'ary,. a, further adjustment is then made, thC; .barometer- and inano- 
'.'meter, are read, and boiling is 'continued for'.-a .further., ten 'minutes. 
If, 'temperature and pressure are... both.- constant, -"the -'first addition'' 
of' solute is. .introduced in. the -maimer' already described , citd), 
'-'-the '.regulator being' altered- .so '■ as-'' to. 'lower '/the- pressure by the 
' ..amO'iint. which.it , is "expected- th©:'- vap'Our .' pressure w'illbe lowered. 

' -W-heii''''solutio-n,.,is..;' complete," the -; pressure is altered until. ' the 
'temperature ■(i5,^).is again obtained, and' the "solution allowed' to boil, 
'-'.'for ten 'minutes'; 'a further adjustment' is made , if' necessary,' a,nd. 
-"..-the solution allowed to boil for 'a '-further ten : ininutes- ' until .con- 
stancy is obtained; the, pressure'is '-then read..' ....: Additions are then 
made under similar conditi.O'ns .' until 'the concentration is about 
50 per cent* • 
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Beyond 50 jier cent., very large additions have to be made to 
increase tlie concentration in tlie steps required. A fresh series' 
vnis then started with 10 c.c. of solvent. The pressure of, the 
solvent was determined as. before, sufficient solute added to give a 
conceiitratioii of 50 — 60 per cent., and the additions contimied as 
"before up to 80 per cent. 

In some cases, where only one series was carried out at a given 
treinperature, 15 c.c. of benzene 'were used, and, after determining; 
the vapour pressure, sufficient solute was added to cover completely 
the thermometer bulb. A range of concentration from about 15 
to 70 — 80 per cent, was thus attained in one series. Beyond 80 
per cent., determinations were made by weighing into the boiling 
til be a suitable amount of solute, a small amount of benzene was 
added, and the vapour pressure determined after tlie temperature 
had become constant; further additions of benze:ne were then 
made. In order to do this, the clip p "was closed, the flame under 
the boiling tube removed, and the addition of benzene made with 
a long pipette. Before reopening -the ■ clip- p, the pressure in the 
apparatus is increased considerably by opening the cock e, other- 
wise frothing would occur, and the clip is opened gradually to 
avoid loss of benzene vaj>our as much as possible. The regulator 
is moved to give a higher pressure, and the flame put back. At 
75^, the pressure was allowed to become equal to the atmospheric. 
In this way, it was possible to wmrk from a concentration of 95 per 
cent, dov/n wards. At the- highest ' co-ncentration, ' a constant 
temperature was not attained. With azobenzene there was a very 
slow variation of a few tenths of a degree about a mean position. 
The determination took, a very long time, owing, to the '.extreme^ 
slowness of^ the temperature' change. The . method is not a prac- 
tical, on© at a concentration of. 95 per ,cent>f; at 9.0 per cent., how-,,' 
€vver, the difficulty almost ©.ntirely -disappears with ■ azobenzene as ... 
solute. . Only- -two substances were' examined - at these- concentra- 
tions, . namely, , the' normal azobenzene " and ,the "very ' a'bnormal " 
dimethyl .tartrate. The determinations. ".with, dimet-hyr tartrate.' at-; 
these great concentrations" were much more difficult than. with azo-., 
banzeney especially . in the dete-rminations above 60 ,j>er cent. . mole- 
cular' concentration, at 75^. : The,- only 'method bywhichdeteriniiia- 
,tio-n;s-cotild,' be, made'' was to, follow- ^ 'the .change of temperature with 
, corresponding , change ' .of 'pre-ssure until - the' , temperature -remained 
constant-, for a time. ' ; In- this-, w'ay,'- a higher and, lower --'limit, -.-of the 
vapour- pressure- w,as,', obtained;,' --.'Owing to -'the slowness" with 'which 
t-he'/'temperatiir'© -hltered 'and'-.-tll-e v-airiation in the limit, it was not 
practicable to take a mean. The largest pressure, that is, the 
pressure corresponding with thfe highest, molecular weight, wm 
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iakeii in eacli case, Alt-iiougli tlie possible error in these deter- 
liiiiiations is large and not much value can be attached to the 
individual values, it seems fair to assume that the real nioleeiilar 
weights are not greater than those calculated. 

At 53*^, the temperature variation was much less than at 75^, 
and single determinations were carried out instead of series, so 
that the variations could be observed over sufficient time to take 
a mean. Even under these conditions, the experiineiitail error, 
appears to be large, the two determinations at nearly the same 
concentration showing a large difference in molecular weight. 

Ill the determination at 63"^, the temperature remained almost 
constant throughout the time ordinarily devoted to a series. 

There seems little doubt that the variation of temperature in 
these experiments is duo to the difficulty with which the benzene, 
returned from the condenser, mixed with the highly viscous solu- 
tion, whilst the greater constancy at the lower temperatures may 
be due partly to the more efficient stirring of the larger hubbies 
of vapour formed at the lower pressure and partly to the smaller 
amount of benzene vapour condensed for similar rates of boiling. 

Ee suits. 

The results obtained are given in tabular form on p. 430 et seq. 

Col, I. gives the temperature at which the series was carried 
out, as indicated by the thermometer = 

II. , the observed pressure of the solvent, no correction b being 
made=ji. . 

III. p — p', also without any correction. 

IV. , weight of solvent actually taken = 6-. 

V. , weight of solute = <7. ' , ’ , 

VI. , grams of substance per 100 grams of sol ntion 

VII. , the percentage molecular concentration, A, 

VIII. , the iBoleeuiar weight found 

IX;, the association factor 

In calculating VI., VII,, VIII., 0‘4'gram is ^subtracded ixom . the 
weight of the . solvent .in the experiments- ■ at. the higher, pressures 
and ,0*3 gram' in, those at the lowei*' .pressures, tO' allow ■ for the 
amount of solvent' in the state, of. v.ap.our and that .wetting the 
wails of the tube above the solution. 

„ The vapour-pressure method offers, the,, .advantage that a, series 
of deteiminatioiis at ,, different ■ coiicentratioiis can ' be, carried ' out 
isothei iiitilly, .whilst the 'g.reat.' s.implicit'y " of the ..-vapour, .'pressure 
law for concentrated solutions of ^Aiorm,al''^.t'..'Substanc6s,.'^'.'s 
that it will be 'easier '.'.to,,'' interpret 
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witli more complex systems, where present-day theory offers little 
guide, than would be the case by the cryoscopic, ebullioscopic, or 
osmotic methods. 

The vapour pressure law was first established experimentally by 
Raoult for non-volatile solutes in a volatile solvent, and was shown 
by him to apply satisfactorily for a number of solutes in ethereal 
solution even up to 80 — ^90 per cent, concentration. It is, how- 
ever, from the study of mixtures in which both constituents are 
volatile that the accuracy of the law has been experimeiitaliy 
established. It has been shown that for mixtures of non- 
associated, closely related liquids, the so-called ideal solutions, the 
law holds with great accuracy and within the limit of experimental 
error throughout the w^holo range of concentration from 0 — 100 
per cent. 

B^aoult’s law is inadily transformed algebraically 

into (2) = - and (3) p' == assumption that 

n has the same value in both numerator and denominator, the last 
form being that most convenient for considering solutions in which 
both constituents are volatile, whilst (2) is a convenient form for 
calculating the results obtained with non-volatile solutes. - 

Where both constituents are volatile, it is evident that the dis- 
tinction between solute and solvent entirely disappears, since for 
each constituent its partial pressure is proportional to the product 
of its pressure in the pure state and its molar fraction in the solu- 
tion. The same must be true where the vapour pressure of one 
of the constituents of the solution is negligibly small, since this is 
merely a. limiting case of the more general relation. It is there- 
fore purely arbitrary which constituent we call solvent and which 
solute. 111 this communication, that constituent which separates 
in the pure state — as vapour ' in the vapour-pressure and ebullio- 
scopdc methods, as ice in the '.cryoscopic method — -is referred .to as 
the solvent, whatever its concentration in the solution. 

' The vapour pressure law has been deduced thermodynamically, 
by several methods for two classes of solutions, namely, ideal solu- 
tions of any concentration and infinitely dilute solutions. 

■ In. deducing the law for idea! solutions, one/ of the simplifying 
assumptions' that has to', be. made ds that the constituents ''of the' 
.solution are not associated ■ as pure, liquids, and that 'no assG'ciation 
■'takes .place . on, m.ixmg them,.' , It ■■ is ' evident . that . the law. 'thus', 
■■ derived,. 'hecom'es ,pure.ly .em.pirical',when: applied to associated ','SolU:-' 
tions., ' That,',such ' an .'a.ssumption has .'to, .'be'' made does not show 
thatthe; vapour'' pressure law is 'not'"' applicable 'where "Association is' 
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preseat-; the assiiiiiptioii is merely a mathematical coaveniimce. 
It seems reasonable to assume, for, purposes of investigation and 
in absence of any evidence to' the contrary, that if. all the more 
' chemical factors, association, ionisation, and solvation, are allowed 
for, the law will hold for any solution, and that the physical 
.quantities which enter into the . thermodynamic equation will bo 
allowed for automatically, since these quantities are undoubtedly 
’ functions of the more chemical factors. 

■Although it is not at present possible to deduce the, general 
laws for lowering of vapour pressure and' freezing point, raising 
of boiling point, etc., w-e know that these laws are interconnected 
by a series' of rigid thermodynamic differential equations which 
are independent of concentration, ionisation, association, and 
sO'lvation, and can therefore be certain that general qualitative 
conclusions drawn from results obtained by one of these methods 
can be applied in discussing the results of any of the other methods, 
whether association, solvation, etc., occur or not. 

The- vapour pressure law can be deduced for dilute solutions 
without making any assumption as to the molecular aggregation 
of either solute or solvent, or as to whether solvation occurs. The 
only assumption necessary for thermodynamic treatment in this 
case is that the solution is infinitely dilute. 

This method of derivation gives- no iiiformation as to whether 
the ■ law . applies where association of the .solute occurs, since we 
. knO'W as the result of a very large number of experimental deter- 
minations .' t'hat zero association .is always indicated at infinite 
'dilution. 

'As . regards , solvation, 'it follows that where this occurs, the 
"solvated complex behaves as a single molecule, at infinite' dilution, 
and it , is ■ reasonable to assume that in more concentrated solution' 
t'h© law is observed, if the quantity .of solvent solvated at ■ a given 
concentration is subtracted from 'the total solvent. ■. 

It. also follows from the. method of 'deriving, the. law for dilute 

solutions, that in the vapour pressure relatio.n «=. M 

p .. . N^n 

the. number of molecules of the s.olvent, is that corresponding with 
the normal. moIec.ular weight, ■ whatever degree of asso.,.ciation the 
.■.solve'iit'may.have .in the liquid’ state. . 

■ 'The evidence- that the, solution laws- hold' when asBOciation takes 
plaoe^iS'at pres-ent 'purely.' ex.perim'ental, and- rests on -the forma- 
'.tioB' of ".definite complexes. by organic acids and oxime-s in- -a .iinm'ber 
.'of.' -solvents, - In the., present oo'mmmiication, .'it is- '-shown- that , 
form anilide' ; and ■ acetanilide ':-,also ■■ ■ form ■ defixiite .'complexeB.-- . . ■ '. 
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Benzene as Solvent, 

Tile resiiits obtained witk a number of substances wbicli did 
not show a great departure from Raoult’s law are sliowni graphic- 
ally ill Fig. 1. Determinations belonging to~ different series on a 
curve are distinguished by circles, crosses, or dots. 

It will be seen that there is a bi'eak in several of the curves 
where the series at lowest concentrations (5 — 50 per cent.) meets 
the next series (60 — 80 per cent.), and is naturally most marked 
where the curve is approximately straight. The break is obviously 
due to some form of experimental error in the second series, 

Fig. 1. 

Percentage concentration for azobenzene. 

5 iO 20 30 40 50 60 70 80 00 ■ 05, 100 



_ I. b\aaiiyldipb©nylam,m^^^ V. MeTliyi salicylato. , ' 

1!I. Phenanthi'eiie, , : . VI.- Bensabphenoh©. 

HI, .Benzil. ■ . . VII.. Azobenzene. 

IT. He,xadecyl aleoliob'. 

amounting sometimes ,'to from 3 to 4 per cent.,, and apparently' 
constant throughout the series. . The eause this .error is' not.at 
alhobvious. 

\One of ,the substanc'es'> azobenKene,.'ebeys Eaoult's law, .absolutely 
W'i thill., the .limit, of ex,perimental error.. ■ 

■' ,4.11 the other s'libstanoes : show.' more' 'or less ' associat-ioiv iH' con- 
oe'iitrateel soliitiou. ''.'From the degree of their abnormality, the 
general '.conclusion, '.may be drawn that those groups which cause 
'■slight .but distinct asacioiation in dilute solution of the compounds 
of lowest molecular weight containing them, also cause a slight- 
association in .concentrated solution with compounds of such high 
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molecular weiglit that they do not show appreciahl© association in 
dilute solution , and, further, that the laws which connect the con- 
stitution of the solute with degree of association for the larger 
abnormalities in dilute solution also- apply to the smaller 
abnorinalities in concentrated solution. 

Plienanthrene shows slight abnormality by both the cryoscopic 
and ehiillioscopic methods; it is not therefore surprising that it 
shows distinct association in concentrated solution. The 
abnormality is, however, of interest, as on general grounds 


Fig. 2. 

Acids and oximes in benzene at 75®. 



Feroeniage molecular concentration 100 nl'N-\-n. 

I. Gimiamic acid. ■ IV. Plienylacetic acid. 

II. /S-Benzilmoiioxime. ■ ' V. 'd -Camphor oxime. 

III. Acetoplienoneoxime. 

plienanthrene might be expected ■ to form an. ideal solution with 
heiisjene. 

.^4 cids and 0 crimes, 

^-Benzilmonoxime, acetoplienoneoxime, and pheiiylacetic acid 
all ' show a, , maximum association' ■ factor ' of ' 2 . , iS-Benzilnionoxime 
. was not suiliciently soluble to carry the series further (Fig. '2). 

'' Cinnamio acid, ehows a decided .tendency to' give a 'higher mole- 
cular weight. than that corresponding with the double 'formula; it 
seems probable that . this is, due to< the,- presence of' a double bond 
in the. malecule. The. . solubility was"- not - suificient'' to'-'.'; carry '...the 
■serie-a further. ' ' fi-Oamphoroxime shows a rapid increase in ':as80,cia,-'' 
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tioii up to 10 per cent.j but only reaches a maximum of 1*663 and 
lias almost this value over a range of 27 per cent. By the cryo™ 
scopic metliod in_ benzene, association factors approaching 2 are 
obtained even in 5 per cent, solution. In naphthalene (rn. p. 80°), 
on the other hand, its behaviour is very similar to that in benzene 
at 75°, and it gave an association factor of 1*6 at a concentration 
of 10*60 grams per 100 grams of solvent (Imies, Diss., Heidelberg, 
1896, p. 42), the highest concentration at which it was examined. 


Fig. 3. 


Formanilide in benzene. 



The low maximum wmuld therefore seem' to be connected with the 
tem,perature at which the' determinations w^ere , carried out.. 

Anilides. 

.The "results 'Obtained with .'"formanilide .are, shown .graphically in. 
;Fig. '3. ' ■ ■ 

.Series.' of determinations were made; at 76°, ;63°, and ■ 

' ; 'The; co:nstancy 'of the '.'associationtf actor, over.-a' considerable range 
.of concentration at 75° and 63°, aa well as the small temperature 
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effect on tlie iiiasiiniiin, points to tlie formation 0 ‘i n definite inole- 
ciiiar complex, cmitaining four simple molecules. 

Acetanilide gives a curve at 75^ similar to tliat cjt ior,i,n anilide, 
but tlie rate of association is still more rapid (S’ig. 4). 

Fig. 4, 


Acetmiilide in benzene. 



0 10 20 30 40 50 

Percentage molecular cancefiiration 100 n/N 


: At .,63® "the ■ solubility is considerably .less than., at 75®; at both, 
temperatures,' tiie; solution of, .highest' concentration ,, is, ' nea.rly' 
saturated,'' The' .s.eries at 63® .was repeated ,ai,.6,5®, as , a,, doubt. .'was 
felt '^as .' to'^ ' whether.',' the ,. whole -iof ■ the 'Solute ■ was' 'in. , s'oIutiO'B ' in -the/ 
da,'Std'ete:TOin'ation,',.,at ,63®.. ; With the exception' o'f this„',d 0 fc©rKi.iEa*- 
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tioii, tlie curves at 63° and 65° are either practically idenivical.witli 
tliat at 75° or below it, ind,icating au increase ol asso‘C5iati,o-Ti witli 
increase of temperature. 

Since increase of association Vv-ith increase of temperature is 
improbable, and the values at 63° and 65° fall well on the same 
curve, it seems possible tliat the series at 75° is affected by experi- 
mental error. 

Taken by tliemselves, the values obtained with acetanilide do 
not point to the formation of a definite molecular complex, but 
the fact that there is not miore difference in the maximum values 
of acetanilide and formanilide, although the concentrations at 
which they reach this maximum are so different, does indicate that 
such a complex is formed. There seems to be. a, slight tendency 
further association, as with, formanilide at 53°. 


Dimethyl Tartrate: 

This substance, containing two hydroxyl groups, is extremely 
abnormal. .Its behaviour in dilute solution at different tempera- 
tures has already been investigated (Iiines, loc, cU.). In concen- 
trated solutions, it shows the characteristic alcohol type of curve 
up to concentrations approaching 50 per cent, molecular, and the 
infiiieiicS'. of temperature both on the rate of increase of' associa- 
tion a.nd on, the m-aximum association is most strildng. There is 
no evidence of the formation of a definite molecular complex 
(Fig.' 6). 

Tile values obtained beyond- eq.ui'molecular concentration at, 63° 
a't.U'l 53° suggest that the molecular weight- would, be normal at 10.0 
p'er cent., and th«at the shapes of the upward and downw,a-rd curves 
oil' ea-ch, side of e(.|iiimoleciilar concentration are ' either identical- 
(apart ' -experimental error) or very similar. I,ifnes of equal 
slope ■ are shown dot-ted in the figure. The values obtained 'at .75° 
are- not ' consistent -with this being the- case, b'ut.,' as has already 
})e-e,u pointed , out, the probable -error in 'these series, .at liigli con- 
'centrations, is much greater than ■ at ' the 'lower temperatures.. 

• Ethyl '^^liydromjh enzoate , 

.. This '.siibst-a.T,ice,, the only -abnormal ".phenol', exanimed, was. .‘im- 
fortunately of limited' sdlubility. ''.The, 'first two determinations 
sho-w a, wery' rapid' increase 'of ’-.association, .a-.nd the, line Joining them 
is",, almost linear with the iiitersection,,. 'of the co-ordinates*-- ,With' 
increase"' ', of - 'coneentration,.,- '’the';'';'-'r,a,te-''' of- , 'increase of association' 
diminishes rapidlyr'"'f^«'^'Bh-ap 0 ,';of.:tho':',e that a m.-axi- 
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Alcohol as Solvent. 

Four siibst-aiices were examined in alcohol, and all were- found 
to give abnormal molecular weights (Fig. 6). 

Pheiianthreiie and benzil give practically identical molecular 


Fig. f>. 

Alcohol as solvent'. 



■weights at 'equal 'molecular concentrations , up do the,, limit 'of. solii- 
'bility, of, phenanthrene, and" the .rate .."of' increase is /nearly 'linear; 
,/and . ..very: rapid, ' ' .The .iast,, determinati.on ■ .with /'henzil^/'' shows 'A 
decreasing ■ /rate; of /Msociation. :■■■ "'i, ■ 
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Azobemeiie is also extremely abnormal; it gives values for ilie 
iiioleeiilar weiglit somevvlxat smaller than those with beiizil -aiic! 
plieiiaiithreno at the same molecular concentration, and the rate of 
increase is at first slightly less, then slightly greater, than rniear. 
The last fo-iir cleteriiiinatioiis (63' 2 to 85 '9 per cent.) are exactly 
linear, and when produced to zero concentration, give the normal 
molecular weight with considerable accuracy. 

Hexadecyl alcohol is about twice as abnormal as in benzene. 

The view is very generally held that organic solutes should show 
less tendency to association in alcohol than in benzene, since the 
conductivity of electrolytes in benzene is extremely small, whilst 
in alcohol their conductivity is considerable, and it has been 
assumed that a substance with dissociating power for eleotrolytes 
would ,not favour the formation of complex molecules. If. we admit 
this view, it might be argued that the abnornralities in alcoholic 
solution are not due to association. The fact that three substances 
of such different constitution as azobenzene, phenanthrene, and 
benzii should all be highly abnormal and to almost the same extent 
over a considerable range of concentration, whilst in lienzene, in 
concentrated solution, they behave so differently, also suggests that 
the abnormality is not due to^ the solute, iier se, but to some specific 
action of the solvent. It therefore seems advisable to consider the 
possible ways in which the solvent could exert an iiiiliience on the 
apparent molecular weight. 

That associated liquids, such as alcohol, have an abnornially low 
vapour pressure has been well established (Vernon, G'hmn. Wem, 
1891, 64, 54; Young, FMl Mag., 1S92, [v], 34, 507; T., 1893, 
63, 1251; vaidt Hoff, Lectures, Part 3, 50).- It is also known, 
that, in solution, alcohol is non-associated at sufFicieiit dilution , 
whether in an inert or in an associating solvent.. 

, If, therefore, we' add to alcohol a miscible, inert, noinvolatile 
liquid, the vapour pressure ■ of the alcohol will not 'be that corre- 
sponding with its molar fraction, but will be larger by an amount 
/which is; a function of' the -dissociation of the complex .molecules of 
the alcohol. An abnormally small lowering of the vapour pressure 
will therefore be obtained. ■ The eff-ect 'of the, smaller' lowering of 
the^ va^TO£j^ressuro^ ^ foe to increase and decrease in 

both tliese influences will increase the apparent 

molecular weight. With such an inert solute, in a solvent the 
liquid .molecules of which are associated, hut not the vapour mole- 
cules, we should expect to get values for the molecular weight of 
the solutd, which point to the normal molecular weight at extreme 

dilution,, and increase with, concentration at a rate which is a 
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fiiiiction of tlie dissociation of tlio complex molecules of tke solvCiiit. . 
Hexadecyl alcohol might be expected to be such an inert solute 
with respect to alcohol, since it appears to be a general rule that 
substances of constitution similar to that of the solvent give normal 
molecular weights in tha€" solvent. The departure of hexadecyl 
alcohol from Raoult's law may therefore be attributed to the pro- 
gressive dissociation of the alcohol as it is diluted with the liexa- 
decyl alcohol, and the much greater abnormality of the other sub- 
stances must he sought in some other influence. 

When there is combination between the solute and solvent, it is 
evident that part of the solvent is removed from the solution and 
no longer functions as solvent. G is therefore decreased, and at 
the same time will he decreased owing to the increased concen- 
tration of the solute complex, and p — p' increased. The decrease 
of G and y/ and the increase of p — p^ would all act in the direc- 
tion of decreasing the molecular weight. It is further evident that 
the influence of such combination will become very great as the 
concentration approaches n = N, provided the compound or com- 
plex formed does not exert a decided vapour pressure^. 

After the experiments described in this paper had been carried 
out, the apparatus was used by Mr. B. C. Burt, who determined 
the vapour pressure of concentrated sulphuric acid solutions (T., 
1904, 85, 1345), His results, when suitably plotted (Big. 7), show 
in a most striking manner the influence of combination between 
solute and solvent in molecular weight determinations in concen- 
trated solutions. 

Burt determined the vapour pressure of 'solutions ranging from 
25 to 95 per cent., and calculated the molecular weights by Eaoults 
formula, using Regnault^s values for the vapour pressure of water. 

The experimental figures at 100° were used when available; at 
the higher concentrations, it was nec-essary to take results at higher 
temperatures. . As the influence of temperature at these high con- 
centrations is very small, the form of the curve cannot be seriously 
afected; The .curve of molecular weight -against peinentage' con-; 
contration shows the influence of ' moat'' clearly. ; There ' is 

first a rapid, .then a slower fall until fi-rsiA'yis reached, .after '.which; 
The molecular' wmght is practically constant and almost Z'erov ' .v 
: Since, 'in a 'solution' 'in which'-’the. solute is' practically '.non-volatile; 
and;, .the 'Solvent readily 'volatile,.; '..any' ■chemicai compound' "formed', 
'inusthave a much' '.smaller vapour- press'm-e 'than that '.of the '.solvent, ' 
it., is ,6vid©nt that,' in 'euch Solution,., comhiiiation between -solvent:' 
and '-solute' cannot , occur .if.' 'the -.'normal -or a. high:" 'molecular ,.'w©ight'- 
is 'indicated. at,,ot, mear .'equimolec'ular 'concentratio'n.:'.,-' ' 

, ',' '.fence ' neither '" 'th'©- ,dissocia-Mon,:.- '-of,:'.''the';^ ''noit'-:'coin-'''b'ina'tion',. 
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between solute and, solvent will explain the great abnormality of 
plienanthreiiej benzopheiione, and azobenzene in alcohol^' it can 
only be supposed that the abnormality is due tO' association , and 
it follows that alcohols and the associating solvents exert 
associating influence on each other. 

Alcohol was first used as an ebullioscopic solvent by Beckmann 
(Zeitsch. d7/iem., 1890, 6, 454), and from his results in 

this and other solvents, he drew the conclusion that solvents like 
the alcohols, organic acids, and phenols, containing* hydroxyl 
groups, are dissociating solvents of the water type,” and con- 
sequently complex molecules are not formed in them. Nernst lent 
support to Beckmann’s hypothesis, by the theory that the higher 


Fig. 7. 

Ajjparent molecular weight of sulphuric acid (1) against molecular 
concentration, (2) against percentage concentration. 



the 'dielectric constant of a solvent, 'the greater, will b© .its power 
,to '.split up double molecules. 

It is of interest to examine the experimental, results, on 'which 
Beckmann, founded his theory.. These are shown graphically , in 
Fig. 8 for alcoholic solutions, molecular weights being plotted 
'against concentration. Carbamide and racemic acid have not been 
.included, ''the former ', because it was only, examined in dilute 'Solu- 
tion, the latter because the values are irregular. 

',' A glance., at, the .curves .will show that, with' the exception .of 
the. acids,,, all the-, substances^ show a much more rapid ,incr.ease of, 
nioleoular,;^, weight. . than ' ,; is' , shown by '^.''"normal,” ..substanc'.es, ' in 
'heiizen'e" O'r naphthalene. , ^ .Benzil, . phenyl be-nzoate, ethyl benzoat©, 
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and iiapiitlialene, substances belonging to tbe ''associating type'' 
of solveiitj are very abnormal; borneol, acetoplienoneoximej and 
acetanilidej belonging to the "water type," are, less abnormal, and 
tlie curves of the last three substances are approximately parallel. 
If the view already brought forward, that the abnormality of 
hydroxy-compounds in alcohol is due to the dissociation of the 

Fio. 8. 

Beokmann^s results in alcohol by the ebulUoscopic method. 



I. Beimi, 210. ■ ■ -VH. 'Acctophenoneoxiuie,, 135.,, 

, , IJ. Phenyl benzoate* 198. .VIII; Tartaric acid, 150. 

HI. Ethyl benzoate, 150. ' IX, Salicylic acid, 138. 

■ ' IV.' BomeoI, 154. ' " ' X. Benzoic acid, 122. 

V. Naphthalene, 12'8.' . XI..- .Succinie acid, 118. . 

.VL,Ac 0 fcamlid,e, 135.. , 

alcohol,'-' complex^, is . correct, ' these' '.curves; -should, be parallel „y for, 
..equal molecular concentrations..’'’ ■.■v,'-; ;'', ' 

',' .Succinic and tartaric: 'acids,.’, show a'- ;,.decre-asing molecular ..weight 
with concentration; evidently this is due to ester foriaation and 
combination, of the water formed with the solvent. The normal 
molecular weights with salicylic acid must be attributed to a 
balance between the abnormality due to the dissociation of the 
solvent' andv£hat-;’due ’to-''ester;;ic^h^^ ,' - 
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' Beckmaiin^s results therefore lend strong support to the deduc- 
tion that there is mutual association between alcohols and sub- 
stances of the hydrocarbon type'. 

■ Beckmann's classification into two types is still ' usef ul^ howeverj 
and it is proposed to call the associating solvent " type of sub- 
stance Garbotype, and the water type" of substance Oxytype, 
without j however, assuming any sharp line of demarcation between 
the two classes. 

Numerous instances have been published of the comparatively 
normal behaviour of hydroxylated compounds and anilides in ethyl 
and methyl alcohols, but very few instances of association in 
alcohol, apart from those in Beckmann's paper, appear to have 
been observed. The following have been found (Peddle and 
Turner, T., 1911, 109, 696) : 

m-Dinitrobenzene, 2’6 — 5*5, 1/100 gram-mols, per 100 c.c., 
ml=181— 211, m = 168.: ' 

Diphenylamine, 3*79 — 5*99, 1/100 grani-mols. per 100 c.c., 
ml=190 — “206,'m = 169. 

Phenanthrene, 1*94 — 11*99 grams per 100 grams of solvent, 
m^=?:183 — 226 (Behrend, Zeitscli, physikal, Ghem.^ 1892, 10, 279). 

Numerous salts, inorganic and organic, have been examined 
ebullioscopically in alcohol, and many of these show association as 
well: as the influence of . combination, with the solvent (Turner and 
Pollard, T., 1914, 10§, 1751). 

The close similarity in behaviour between the alcohols and 
phenols in solvents of the hydrocarbon type suggests that phenols 
and carbotype substances should also show mutual assoeiatioii , 
ilobertson (T., 1906, 89, 567) has shown that the hydrocarbons are 
highly associated in phenol solution, also that carbon tetrachloride 
is, as abnormal" as the hydrocarbons. Ethylene ■ clibromide and 
brom.<|forin are .also, abnormal, but .to a less extent. ■ .The mutual 
association of .the abnormal phenols' and .substances of the carbo- 
..type ' g.roup must ' therefore be considered to be a, general' 
"phenomenon ' 

The , degree of ' abnormality of the- .substituted phenols follows 
..definit© laws' as regards the nature "and position of the substituting ; 
group,', and the anilides follow , similar , laws. There seems, little 
'doubt, " therefore, that a ' carbotype solute will give abnormal, mole*- 
'' cular 'weights' in ' am anilide,"' and that' mutual asso'ciatiorr 'takes’ 
place in '.this '.case also. Anilides 'do not'.seem to.. have,' been used .as 
''CryoscopiC' "Solvents, although formanilide (m.",p.. 46*^)' would' be a.'' 
"'.convenient.'substance.'to use.' .'..., 

'.'If ''.mutual; association' .'takes .' place with acids and' 'oximes .'in a'': 
'..carbotype'', 'Solvent, it'"is''' .obvious' '...that -no .direct ''^evidence" this ■. 
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being the ca^se-' can be obtained from the behaviour of a carbotype 
solute ill an acid or O'xime if the acid or oxime is associated to a 
double molecule in the liquid state. 

There is, however, evidence that during the association, of an 
acid or oxime in a carbotype solvent, the solvent exerts a specific 
influence on the association of a nature which has not been ex- 
plained. If the solvent merely acted as a diluent, the mass law 
should apply to the dissociation of the double molecules, as in 
gaseous dissociation. Auwers (Zeitsch, phi/sikaL Chem,^ 1907, 60, 
385) has shown that with acids and oximes this is by no means the 
case, G-^jC decreasing very rapidly with concentration. 

The data obtained in the present investigation are more suit- 
able for such calculations than those used by Auwers, since the 
determinations were made isothermally ; the results of calculation 
are, however, similar. The anilides also show large variations in 
the value of (7. 

Since there is direct and faiidy conclusive evidence of mutual 
association between alcohols and phenols and a carbotype, it is 
reasonable to ascribe the influence of the carbotype solvent on the 
association of the acids, oximes, and anilides to the same cause. 

The position of the maximum association of dimethyl tartrate 
in benzene at or near equimolecular concentration evidently 
indicates that in this instance association of solute and solvent 
takes place at the same rate. Although there is no evidence as to 
the rate of association of the solvent in other instances, it is not 
unreasonable to assume, for purposes of further investigation, that 
in a solvent which is non-associated in the liquid state, association 
of solvent and solute is in general equal. 

The .cause of mutual association ■. of solute and solvent^ obviously 
cannot be chemical, as anything, . in the nature ' of combination" 
between the two,, constituents, in concentrated ' solutiorf). is 
impossible, (p. 425)*, The -only adequate explanation .which has 
occurred, to the author is that it is; electrical, in character.* ' , It 
'seems .reasonable to suppose .that -.the association' begins in the,,dxy- 
;;type '^'Substance,' whether this is functioning as, solvent or' solute* 
Tf'^ we , imagine that for each' molecule 'entering into an aggregate,' 'a^ 
definite quantity;' of electricity' passes', to thO' carbotype , substance, 
causing' in it an association nquaMo that ' in.hhe. axytype, and that,' 
this', goes" on, until, an' 'equilibrium is'„ attained, depending ' on,' the, 

'' temperature, ,■ concentration,", '..pressurey „'and ;,nature of 'the „sol'vent„ 
'and solute, 'this would account for the fact' that dimethyl tartrate 
„■ and benzene, appear'' to ' associate at the same rate. 

.That' '.association .may '..be , due to.- ■■electrical, , not ", chemical,.- forces" -'haS'' 
already been suggested"by'Tumer"'ahd English', 
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If we assuino that tJie oliarge tliat passes when a substance 
associates is one electron per nioieciile, the charge per aggregate^ 

must be coiisiderabl© when the association reaches 6- -10, as with 

dimethyl tartrate. It might therefore be supposed that the mole- 
ciiles would arrange themselves in a definite geometric arrange™ 
meiit depending on their mutual attractions and repulsions, and 
that they would resist any inhuence which tended to alter this 
arrangement. The high viscosity of associated solutions would 
thus he explained. 


Benzene as Solvent. 


A zob enz en e, CjoH j^No = 182. 
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B emcn e as Solv e n f — (cont inu eel ) . 
Formyldiphenylaminej CigHj^OIsr = 197 . 
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1-118 



15-61 


18-63 

46-2 

27-2 : 

211 

M 8 

75 

65-14 

21-18 

8-00 

11-82 

58-0 

37-8 

223 

1-25 



26-62 


17-56 

67-3 

■ 47-3 

230; 

1*29 



32-98 


26-59 

73-5 

■ 57-6 

235 

1-32 


Eetvadecyl Alcohol^ 

OJ 0 H 34 O 

= 242., 



75 65*24 1-09 '22-2 

1-029 

4*50 

1*49 

217 

0-90 

2-04 

2-261 

9-40 

3-24 • ... 

251 

1*04 

,..4-19 

5-008 

18-7 

■■6*87^' 

260 

1*07 

' ■ 6-34 ' ' 

8-30 

27*6 . 

10*92 

276 

" 1*14 

9*58 ■ 

13-38 

38*0 

16*5, 

278 ■ 

hi 5 

■ 13-24 ■■ ■ ■ 

20-245 

47-1 - 

23-0 

285 ■ 

M 8 ' 

. ■■ ; 18-06 

30-23 

58*2 

B0*9. 

284 , 

M7 



Girmamic. A cid, 

CgHsO, 

= 148., 



75: "64-94 1*07 

17*8 0-999 

5-73 '■ 

2-94 

263,'. 

' ;1*78 ' 

. 1-96' 

; ;2-024; 

10-43 

; 6-77 

'■ .2,91'. 

'"1*965 

3-66 

C.;4*Q74^. 

18-95 

11-0 



-".1.V5-92 


C28*d5'' 
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OF OBGANIO OOMPOXTNDS 


t p 

75 66-26 


Senscne a>s Solvent- — {cont%nued^. 
Pheni/lacetic A dd, CgHgOo = 136 . 





Per 

100 n/ 



p -p 

G 

0 

cent. 

N^n, 


m^fm. 

1*29 

17*8 

1*059 

5*73 

3*36 

236 

1*73 

2*62 


2*274 

11*54 

6*95 

244 

1*79 

5*23 


5*032 

22*4 

14*2 

258 

1*90 

7*94 


8*13 

31*8 

21*1 

263 

1*935 

11*79 , 


13*07 

42*8 

30*0 

265 

1*95 

16*57 


20*08 

53*6 

39*8 

265 

1*95 

18*56 

8*9 

12*06 

58*5 

44-S 

280 

2*06 

29*74 


24*53 

74*2 

62*0 

270 

1*99 

40*23 


44*86 

84*0 

75*2 

259 

1*90 


cetofhenon eoxime, CoHaON 


75 0.5-12 

1*70 

17*8 

1*013 

5*50 

• 3*26' 

169*6 

1*26 


3*00 


2*127 

10*91 

6*60 

192 

1*42 


5*33 


4-132 

19*2 

: 12*04' 

208 ■ 

' 1*54 


8*10 


7*174 

29*2 

19*25 

224 

1*66 


12*15 , 


12*21 

41*2 

28*9 

239 

1*77 


19*43 


23*92 

57*9 

44*4 

252 

1*87 

75 65-20 

37-5 

4*43 ' 

19*31 

82*4 

72*9 

269 

1*99 


31*15 

6*65 


75*4 

63*8 

261 

1*94 


y-Benzilvionoxune, = 225 ; 

65*30 1*16 17*8 1*n4.A PL.aa 


1*046 

2*167 

4*36 

7*34 

11*63 

15*81 


l-d-Camiylioroxime, O.nHi.ON = 167. 


5-80 

2*80 

252 

1*51 

10-90 

' '5-40 

261 ' 

1*56 

19-9 

10*4 

272 

1*63 

29-7 

16*5 

276' 

1*65 ; 

41-9 

25*2 

'278 

1*66 

65-6 

■ 37*2 . 

272 

1*625 


'F ormanilide, C 7 H 7 ON = 


'2*28 

150*5 

1*246 

4*19 

189'"' 

1*562' 

8*19 

247 

'2*04 

12*45 

2'93 ' 

' '2*42 '. 

16m 

353 

2*91 

24*43 

422 ' 

' 3*48 

33*4' 

''475 

3*93 

50*3' 

'' '473 ''' 

' 3*91 

58*9 

■■■ '466' 

' 3*86 
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Benzene as Solvent — (continued). 
Formanilide, C 7 H 7 ON = 121 — (continued) . 

Per 100 ?^/ 


t 

P 

P~P 

G 

17 

cent. 

N~l-n, 

m'. 

m^lm. 

75 

65-14 

11-71 

8-90 

10-98 

56-1 

45*1 

454 

3*74 



15-64 


15-82 

64-8 

54*1 

.454 

3*74 



19-88 


21*92 

71-8 

62-3 

250 

8-72 



26-85 


33*05 

79-5 

71-4 

428 

3*53. 



35-23 


53*23 

86-3 

80-0 

410 

3*38 

63 

43-53 

1-87 

13-3 

2*137 

14-1 

9-58 

288 

2*36 



3*74 


6*817 

34-4 

25-25 

436 

3*60 



5-33 


11*14 

46-3 

35-5 

479 

3*9.6 



7-41 


16-65 

56-2 

45*2 

486 

4*02 



fl-70 


22-75 

63-7 

52*9 

476 

3*04 



14*19 


36-87 

73-7 

64-6 

458 

3-78 

53' 

30-2S 

2*10 

13-3 

4-924 

27*4 

19-6 

396 

3-27 



2-62 


7*130 

85-4 

26-1 

451. 

3*74 



3-78 


12-07 

48-0 

■ 37-4 

508 

■4-19 



5-07 


16*92 

56-6 

45*6 

505 

4-18 



6-99 


23*97 

64*9 

54*4 

480 

3-96' 



9*27 


83-65 

72*2 

62*7 

458 

3*79 



11*05 


41*64 

76*4 

67-4 

435 

3-60 




Acet anilide j CsHgGN^ 

135. 



75' 

' 64*96' 

1*36 

17*8 

1*070 

5*76 

2-43 

224 

1*66 



1*83 


1-931 

10*0 

6*03 

299 

2*21 



■ 2*46 


3-628 

17*2 

10*8 

414 

3*06 



2*86 


5-79 

24*9 

16*1 

563 

4-17 



4*20 


9-06 

34*2 

23*1 

586 

4*34 



5*73 


12-45 

41-7 

29-2, 

576 

4-26 



7*87 


17-18 

49*7 

36*2 

■557 

■'4*12 

63 

43*60 

1*55 

22*2 . 

4-18 

16*0 

9*93 

404 

■ 2-99 



1*94 


6-28 

22*2 

14*1 

480 ' 

3-55 



2*16 


8-43 

27*8 

■ 18-2 

580 

4-30 

65 

'46‘58 

1*39 

22-2 . 

3*041 

12*2 

741 

354 

. 2-62,. 



2*04 


5*895 

21*2 

13*40 

461 

3-42 



2-48 


7*96 

26*6 

1745 

507 

3*76 



,2*92 


9*95 

31*2 

20*6 ", 

532 

3*95 



Dimethyl Tartrate^ 

CoHiA=178. 



75' 

' 64*97, 

1*08 

17-8 

0*868 

4*66 

2*1 

226'' 

1*22' 



1*97 


1*829 

9*64 

■ . 4*62 ' 

262 

■ 1-47 



.2-97 


3-524 

14*7 

8*15 

342 

.1*92 



3*69' 


5-94 

25*4 

13*03 

■441 

' 2*48 ' 



4*33 


8-78 

33-5 

18-1 

550. ', 

.3-08, 



. . 4.-99 


12*59 

41*9 

24*0 

,677,.,', 

■ 'S-SO, 



", 6*67 


20*78 

■;...54:*5 ' 

■■ '34*3 

826 

■' ■' ■ 4'6,4'.' 

75' 

/65*20', 

'■'".6*69 

8,*90'' 

8-60 

■■ 

■ '304 

:, ■687. 

.' 3-,8.6.' 



'■ ,,.7*82' 


12*92 

60*0 

,'■ 39*8 

-■'860 ■,'■ 

,' :'.4-S2 



10*00 


19*27 

69*1 


966'.. ' 

. :,.','543, 



14*3 


29*89 

■.:..:77-6':. 

■.■"'."60-5 ' 

:■.'■^9.66' 




■..'v'l8*41' 


: -,42*32 

''S:83*2. .^ ' 

68-5 ■."",. 

'■.■''>:,'9'76. :'„■.■■ 

::;.'',':„'^''5-49 



4:]4 ASSOCIATION OF OEGAMC COMPOUNDS IN BENZEKE., ETC. 


Benzene as Solvent — [continued). 

Dim e t hj/l Tar tra te^ = 17 8 — (coiitiniied ) . 







Per 

iOO n/ 



f. 

P 

P~P 

" G 

9 

cent. 

N-{-n. 

w'. 

I'm. 

75 

65-18 

46-25 

2-76 

55-71 

95*8 

00*9 

725 

4-07 



36-67 

4-54 


92*9 

85*2 

796 

4-47 



30-06 

5-85 


91*2 

81*8 

930 

5-22 



20-83 

9-70 


85*8 

72*4 

995 

5-60 

63 

43*63 

2*56 

13-3 

5*443 

20*5 

15-5 

524 

2-94 



3-00 


9*37 

41*8 

23-9 

739 

4*15 



3-56 


13*22 

50*5 

30-8 

895 

5-02 



4*16 


19*27 

59*6 

39*4 

1099 

6*17 



4-92. 


28*08 

6S-4 

48-6 

1324 

7*44 



8-47 


46*42 

78*3 

61-0 

1155 

6*50 

63 

43*53 

24*53 

4*43 

45*35 

91*5 

80-3 

664 

3*72 

53 

■30-23 

1*04 

13*3 

2-053 

13*4 

, 6-47 

338 

1*89 



1*31 


3-416 

20*8 

10-3 

452 

2*54 



1*53 


4*69 

26*4 

13*6 

528 

2*97 



1*56 


7*14 

35*4 

19-3 

788 

4*42 



1*81 ■' 


11*00 

45*8 

26-9 

1038 

5*83; 



2*07 


17*09 

56*7 

36-5 

1395 

7*84 



2-88 


26*07 

66*8 

46-9 

1540 

8-66 



4*23 


39*4 

75*2 

57-1 

1453 

8*16 

53 ; 

30*2 ■■ 

11*4 

6*65 

54*46 

89*6 

79*1 

1113 

6*25 

63 

30-2 

15-4 

6-21 

54*68 

90*3 

80-2 

694 

3-9 


Ethyl 

•^-Hydroxyhenzoate^ C^H 

O 

11 

166. 


:75 65*16 1*18 

00 

0-900 

4*91 

2*38 

219 

1*32 

1*97 


2*017 

10*4 

5*17 

. 290 

1*75 

' 3-21 


4*299 

19*8 

10-4 

372 

>■■ 2*24 

■ 4-70 


7*48 

30*0 

16-8 

430' 

2*59 

7*10 


12*47 

41*7 

25*2 

455 - 

2*74 




Alcohol as Solvent. 





Hexadecyl 

A Icohol, 


0 = 242. 



73 ; 61*90 

1*39 

15-78 ,■ 

2*114 

12*1 

2*54 

276 

.1*14 


2*80 


4*996 

■ 24*5 

■ 5-82 

316 

1*30 


4*23 


S*25 

34*8 

9*20 

347 

1*43 . 


6*14. 


13*43 

46*7 

14*3 

365 

1*61 


. 8*43 '. 


19*60 

56*0 

19*5 

. 372 

1*54 



■'Benz 

iX, Ci4Hjo02=210. 



75 "66*85'";: 

,.'0*54 ' 

■ 19*72 

0*893 

4*41 

0-98 

261 

■.' 1*,24 


1*,21 


2*023 

9*60 

■'2*20 '■ 

■261 ■ 

1*24 


■ '2*57 


5*352 

21*6 

'., ..5*61 

■:3!6- ■■ 

■; "'1*505 


■^: .4‘02' 


."12*42..: 

39*2 

■■1.2-12 

462'''"" 

.2*20'. 


5'*38': . 


20-01 

50*9 

, ■ 22*4 

544 

. ■2*59 
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. 1 Icoliol as Solvtni — (i^ont'ui utd). 


Phenunthrene^ = 178 . 







Per 

100 n/ 



t 

P 

P-P 

G 

9 

cent. 

Npn. 


jin. 

75 

66-91 

1*10 

15*78 

1*105 

6*70 

1*82 

198 

1*11 



2-15 


2*483 

13-87 

4 -Oi 

224 

1*26 



5-00 


4*399 

22*2 

6*89 

279 

1*57 



3-92 


7*65 

33-1 

11*4 

368 

2*06 

75 

66-97 

0-90 

19*72 

1*033 

5-09 

1*36 

181 

1*016 



1-19 


1*462 

7*03 

1-92 

190 

1*07 



1*87 


2*667 

12*12 

3*45 

222 

1*247 



2-75 


4*537 

19*06 

5*71 

252 

1*42 



3-28 


6*54 

25*3 

8*02 

. 303 ' 

1*70 



3-59 


8*192 

29*8 

9*88 

.' 344 

i *93 



4*03 


10*40 

35*0 

12*20 

368 

2*17 




Azobenz 

enCf 

= 182 . 



75 

07-15 

1*26 

15*78 

1*356 

8*09 

2*18 

■ 212 

1*165 



2-36 


2*881 

15*8 

4-52 

236 

1*30 



3*47 


5*029 

24*0 

■ 7-63 

276 

'. i '* 52 , 



4*56 


8*30 

35*0 

12*0 

342 

1-88 



5-70 


13*08 

46*0 

17*8 

421 

2*31 



6-88 


20*60 

. 57*2 . 

25*3 

550 

2*96 

75 

67-15 

7-35 

7*89 

12*95 

63*2 

30*4 

647 

3*56 



8-90 


19*45 

72 * 3 . 

39*6 

781 

' 4 * 29 " 



10-98 


29*84 

80*1 

50*2 

939 

5*16 ■ 



13-63 


45*05 

85*9 

60*2 

1083 

5*96 


The experiments described in this paper were made in the 
Chemical Laboratories of the University of Liverpool and the 
Harris Institute, Preston. The author wishes to express his 
indebtedness to the late .Dr. J. 'C. Brown for supplyi.ng a dividing*, 
engine and several chemicals, and to Dr. P. P.. Frarikland. for the 
loan, of the electromagnetic ■ stopcock. ' 

Ceigkoewood, . '2c.d,, 19'Ul] . 


X.XXYL—T'he State of Potassium ■ Oleate .and of "Oleic 
Acid in Solution in Dry Aleoholp 
' By- M ary Evelyn- Laing. ' 

Ever: ' since'' Kraft's second' ■ paper:. ^'(Krafft, Ber,, ' 1899, 32., ."1584 ; 
compare' Kra'ft; and. Strutz, .jB'cr., 1896,; 29, :,1328) on the' molecular 
.weights^ of 'Lheealts of the' higher ’■'fatty /.acids:, in dry alcohol, soap 
has served as the typical .instance. -.of 'substance which is. a crystal- 
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loid of iiorioal irioleciilar weight in alcohol, alilioiigh in water it is 
a colloidal electrolyte.'" This conception and definition of colloidal 
electrolytes to which the six. years’ study of soap solutions in this 
laboratory up to 1914 has led, made it appear possible , that in 
alcohol also the apparent simplicity of Krafft’s last result was 
illusory' and that, as in some aqueous ■■ solutions, extensive dissocia- 
tion and formation of colloid might occur, the more so since his 
previous paper had indicated that in absolute alcohol soap existed 
in the form of double molecules. For this reason, the^ molecular 
weight in alcohol has been redetermined. Further, the electrical 
conductivity has been measured in order to ascertain whether the 
ionisation is great or negligible. 

Potassium oleate was chosen for study because of its ready solu- 
bility in alcohol, since in many cases the formation of colloid or 
colloidal electrolyte is only appreciable in high concentration. Its 
solutions are never devoid of opalescence, and they have a distinct 
tendency, to froth. ■ 

, T has been to show that potassium oleate both in 

anhydrous and in moist ethyl alcohol is essentially a simple electro^ 
lyte dissociating to a very moderate extent into simple ions. Only 
quite small amounts of colloid can be present. 

Solutions of oleic acid, which also froth readily and for which 
no ebuliioscopic data existed, were likewise investigated, particu- 
larly as Dennhardt {Biss,, 1898; Amt, Fhys. Uhem,, 1899, [iii], 67, 
326) had obtained conducting curves in methyl and ethyl alcohols, 
exhibiting in each case a pronounced maximum, and minimuni. 
Such phenomena are of very frequent occurrence in the literature 
of non-aqueous solutions, and in certain cases their explanation 
appears to me to offer great difficulties. 

The results have .shown that Bennhardt’s data are quitcr untrust- 
.worthy (for other evidence,- see below), and that oleic acid also, iii' 
all . concentrations, '.is a simple electrolyte, only very slightly , die- 
■sociated. , Go-nsequeiitly, the- , theoretical difficulties, of ' interpreta- 
tion vanish, and - it .seems quite possible that a -number of other 
similarcases.may'alsobedue.to.expe-rjme'ntalerror." 

Expee-i.me-n'tal. ' ' 

' Dry ethyl alcohol,- was prepared '.'from absolute alcohol which' had 
been kept over specially burnt quicklime for three years; during 

“ Colloidal , electrolytes are salts,, in -'whicli one ion. has. been .-replaced 
by a heavily- hydrated micelle that, conducts.- electricity just, a-s well or.- even' 
better and. carries, an- 'equivalent 'sum-,' total,, of'- electrical charges.’*' '(See 
McBmxkr.'.'Tfam, Faraday % W, KoUoid iJeiteoA.,,,! '9.1,3, IB, 66-; 

T., 1,014, 105, 957, and.MoBain and Salmon, -t/. 1918, 
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t'iiis tiiiiC; tlie liquid had become a solt, pale yellow Jelly owing to 
the formation of calcium ethoxide. The alcohol was distilled from 
this material and preserved with the usual precautions. Three 
.separate specimens were used, and identical results obtained in 
molecular weight determinations. It had 0*7925, a value only 
0*1 per cent, too low, indicating, presumably, . the presence of a 
small amount of ether (water would affect the density in the 
opposite- direction). 

All vessels and instruments were carefully calibrated, and the 
precautions described in earlier papers from this laboratory 
observed. The oleic acid used was colourless, almost odour- 
less, melting at 9*0^, and having Df 0*8938. , 

Dry potassium oleate was prepared in the following manner. 
Potassium balls were cleaned by washing with several changes of 
methyiated ether; the balls were at once wiped with filter paper 
and dropped into dry alcohol. Finally, oleic acid was added to 
the potassium ethoxide until a sample diluted with about one* 
quarter of its weight of water (previously boiled) gave a neutral 
reaction towards phenolphthalein. The solution was then 
evaporated under diminished pressure over calcium chloride, the 
potassium oleate being left as a soft, pure white powder. 


Molecular Wright of Potassium Oleate in Anhydrous and Moist 

Alcohol. 

Beckmann’s ordinary apparatus was employed. Concentrations 
are expressed in mols. per 1000 grams of alcohol (weight normality). 


Grams per 100 Bise in Molecular 
Concentration, grams of alcohol, boiling point. weight. 


,0-14 

4-518 

0-32 

10*21 

0''44 

14-09 

0-49 

15-71 

0-64, '" 

,17-34 

0*63 

20-16 

0-70 

' ■ 22-32''" 

,0-84 

26-91 

0-91 

29*18 

POO' 

32-04 

1-14 ■■ 

36-80 


0-173“ 

303-4 

0-388 

302-4 

0-628 

306*7 

0-690 

306-1 

0-664 

306-2 

0*764 

' 303-2 

0-820 

,' '306*'6 

1-008 

306-9 

1*100 

'' ,.306*2. 

■■ ■ l-23'8'' ' ■ , . 

, 297-9 

■ 1-360'' 

', 311-6 

Mean 

304-9 

Theory ....... 

.320-6. 


The Vexperiments comprise, a . number" ■ of, . independent ' series -ex- 
tending up to fully saturated solution. The results show no 
tendency "for The'' molecular weight .to alter with concentration, ■■.and; 
they,', g.ive," data '.rather .'.smaller ■, than that required for the'' simple 
'molecular '■ weight.,'' '.This', '-is" ''..'.explained by the moderate dissociation 
''measured ""below. The value ■ here ■ obtained agrees substantially 

't..',:.: : A, I:-'."'. 9 . 
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wit’ll that wliie.li Ivraii’t hixnself louud iii his second papei-^ iia.iiie.lyj' 
347j instead of twice the, mol eciilar weight. 

On the addition of ,1, 2, 3, and 4 per cent, of water to the solu- 
tioiij only a very slight alteration in the molecular magnitude was 
observed, the soap still having a simple molecular weight, instead 
of the larger numbers, namely, 599 to 670, obtained by Krafft, and 
Htrutz ill their first paper, which appear to lie erroneous (see 
below). 

Only the data for the addition of 3‘8 per cent, of water (by 
weight) to the solvent need be presented. 


GS-rams per 100 

Bise in 

Molecular 

Concentration, grams of alcohol, boiling point. 

weight. 

0-205 6-697 

0-243° 

311-9 

0-27S 8-978 

0-330 

309*7 

0*339 10-86 

0*400 

311*1 

0*463 14-84 

0*540 

316*7 


Mean 

311*9 


Theory ... 

'320-5 


Krafft considered that his own experiment had confirmed his 
earlier work with Strutz, for, on the addition of 1*5 c.c. of water 
to the boiling alcoholic solution, the boiling point was depressed 
by 0*09°. He appears to have overlooked the fact that a mixture 
of alcohol and water, containing 96 per cent, of the former, gives 
a minimuni constant-boiling mixture, and therefore the addition 
of 4 per cent, of water will lower the boiling point of dry alcohol 
or any solntioii made from it b}^ about 0*126^. Kraft’s experi- 
ment, then^ if properly calculated, corroborates that just described , 
and consequently this earlier work is disproved. 

Gonduefivifj/ of Potassium Oleate in Dni Alcohol, 

.Closed cells 'of borosilicate glass' were employed. The solutions 
. were either made up in the cell by weighing in the constituents or 
they were iiiade. up ad hoc A immediately introduced for measure- 
iiient. ■ 

‘ ■A piTliiniiiary. experiment’, on a nearly saturated solution at 18^“^ 
gave ',a iiioleGular conductivity of. 1*01 mhos. This, solution coii- 
.tained 0-1990 gram of potassium' oleate in 16*10 grams of' alcohol, 
and 'therefore its weight-normality was ■0*385iy, or nearly 'O'ZN' by 
volume.. 

' '^The 'signif caiice of this result', depends, on the v.alue of ..the, con- 
ductivity, ''(at 'infinite 'Alilutio^ in,'; alcohol,' which is ,, generally 
accepted as’ heing one-third'.,,of the 'value in; aqueous solution..: ■ This 
leads to a value .f'or„a, ' the.': degree ■■ of ionisation, ' of '3. per . cent* 

The solubility increases:; .'rapid'ly'.' 'On '.heatings ..and'." 'since it is 
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impossible to 

predict' the 

behaviour 

of noil-aqueous 

solutions on 

further concentration, the 

remaining 

measurements 

were carried 

out at 40° and 60°. These are given 

in table I. 




Table I. 



Gondiicfdvi 

of Fotassium Oteate 

in Eth]/l Alcohol at 60°. 

Weight 

Volume 


Specifie 

■Molecular' 

normality. 

normality. 

Density. 

conductivity. 

conductivity. 

1-14 ■ 

■ 0-68 

0*8220 

0*001927 

2-806 

0-7B 

0*49 

0-8030 

0*001812 

3-679 

0-57 

0-38 

0*7920 

0*001694 

4*421 

0-46 

0-31 

0-7850 

0-001566 

5-045 

■ 0-38 

0*27 ' 

0-7800 

0*001452 

5*483 

. . 0-.30 

0-22 

0-7750 

0*001285 

5*948 

0-23 

0-10 

0-7705 

- 0*001187 

7*053 

0-'i4 

O-l.!. 

0-7640 

0*000891 

10-64 

0-03 

0-02 

o*7r>{)r) 

0-000381 

10-20 


CUjnditcUtrit^ at 40°. 


0*57 

0-39 

0*8013 , 

■ . ■■0-001477. ' 

■ 3*799' 

0-46 

0-32 

0*7961 

0*001372 

. 4*359 

0-38 

0-27 

0*7922 

0*001291 

4*800 

0-30 

0-22 

0*7884 

0-001734 

■5*182 

0-23 

0*17 

0*7848 

0*001031 

6*160 

0-14 

O-U 

0*7810 

0*0008143 

7*667 

0-03 

0*026 

0*7755 

0-0003420 

13-43 


The determinations of the densities of the concentrated solutions 
were not easy, since the solutions frothed readily and on slight 
cooling solidified in the form of a curd. For these, the arms of 
the pyknometer were made vertical, with the mark on one just 
opposite the tip of the other. Around the latter a glass mantle 
was fitted by means of a loose cork, and the solution was protected 
from the cork by a thin layer of clean mercury. During the 
adjustment, this reservoir was raised, so that the open tip of the 
pyknometer was immersed in the soap solution, ^.s soon as the 
■adjustment to the mark had. 'been made, the reservoir was lowered 
and emptied, leaving the' pyknometer exactly full .and completely' 
.immersed in the thermostat.' 

' The" density is' nearly, 'although not 'quite, proportional to' the' 
concentration. In ' the case of "oleic acid, ' the divergence fro'iii "a 
straight .'line is slightly greater. 

' ' It". is seen . from the above tables' that .the ' conductivity ', 'at.' 60^.' 
..rises .steadily from' 2*81 mhos.' for-. a' 1 :'14'A( weigh t)-s0luti.on' ' up to 
.'the "fairly . large value of 19'2 foi- -a ''0*03A(weight)-soliitio.n., "With-, 
out ■exhibiting" any irregularities. , 

Since ■■■.the conductivity 'at'' infinite, ■dilution at 60^ probably lies 
between 60 and 60 iaho''s.'.," '■the'. ■’..dissociation evidently rises from, 
a value of about 3 per cent, in A’-solution to about 30 per cent, in' 
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'0*03iF~soliitioii. Ill every case, then, practically all the* soap h 
in crystalloidal form, although, no douht, a very small amount of 
colloid must be present. 


Oleic Acid in Dry Alcohol, 

Oleic acid is a typical case of a substance giving anomalous data 
ill lion-aqueous solution, consequently its molecular weight by tliO' 
ebiillioscopic method was first studied. 

The results of several series of determinations rociy be sum- 
marised as follows. 

Eroin 0*2898 gram, to 6*914 -grams of- acid wove dissolved in 
12*96 grams to 13*33 grams of alcohol, giving solutions which were 
0*07, 0*08, 0*1, 0*26, 0*3, 0*56, 0*60, 0*80, 0*97, and l*SiV (weight), 
and from the rise in boiling point the following molecular weights 
are calculated: 297-2, 283*1, 273*6,' 270*.5, 284-0, '276*0, '294*2, 
298*5, 288*1, and 306*9. Mean, 287*1; Calc., 282*3. Difference, 
1*7 per cent. There is therefore no doubt with regard to the 
simple value for the molecular weight or to its constancy over this 
very great range of concentration. There is clearly also very little 
dissociation. 

We possess very little or no information with regard to the 
molecular weight of higher fatty acids in water on account of their 
insolubility in this medium. In quinoline, however,. Gabel (Dm., 
Magdeburg, 1906) found that stsaric acid had simple molecular 
weight, although sodium stearate and palmitate were shown to be 
colloids. 

The next step was to redetermine the conductivity of oleic acid 
..in alcohol. This was-, measured only at 60'^, and the results are 
given, , in table II. Every point 'was determined several times with 

■ Table IL ■ . 


Gonductivity of Oleic Acid in Dry Alcohol at 60*^. 


Weight 

nor- 

mality. 

Volume 
' 'n'or-. 
mality. 

Specific 

con- 

Density, dnctivity. 

Moleciilar 

con- 

ductivity. 

tl fd'O X 

m/vVx 10 

, corrected^ 

'3*64'' 

1*536 

0*8368 

1*57 xlO- 

s 3*58 x10"^ 

0*24 

0*1'6„"" 

'1*81 , ' 

0*055 , - 

0*7961 

4*01 


4-20 

j j 

1-.30 

1*14' ' 

1*44' 

■.'0*811 

0*7905 

5*40 


6*66 

>» 

1*90 

1*72" 

-',0*91'' 

., 0*564 '' 

0*7794 

5*52 


9*77 


,2*30 

'241' ■ 

' 0*75 '" 

" 0*482 , ' 

0*7761 

6*56 


13*59 


3*00 

• 2*76' '' 

0*47 

0*319 

0*7695 

5*60 

9 } 

'.17*54-' 


-3*13 

-' 2*8-5 

0*30 

0-268. 

0*7677 

5-21 

99 

19*43 


3*20 

" . 2-88 

0*33 

0*238 

0*7656 

5-04 

99 

21*65 


''3*20'""'' 

,2*90 ,' '- 

0*13 

0*095 

'0*7593:- 

'447,'. 

9 9 , 

43*85 


4*3,0 '■,' 

"- '3*76,-' ' 

0-06 

0*044 

','0*75'68- 

'-.2*-42'. ■'■ ■ 


mm ■ 

»,* '■ 

-'3*60,: 

2*90 ' 

0*115 

0*011 

'' ':' ,0*7542 '., 

1-'21 ■ '■ 

9 9 

110*8 ' 


: 3*'70 .,- ' 

2-15 

0*011 

0-008 

0*7540 

1-21'. ■'. 

99 

138*2 


,' 4*08 - 

2*40 
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iiidepencleiit solutions.. Some measurements with intermediate 
concentrations ' are omitted, to save space-, but tliey fit in smootlily 
with those presented here. 

It will be noticed that the conductivity is very low, making 
accurate measurement difficult. It is, however, sufficiently higher 
than that of alcohol itself (4*9 x at 60^) to make it un- 
mistakable. 

In the second place, in contrast to Dennhardt's data Qoc. 
the conductivity rises 'steadily on dilution. Deiinhardt’s measure- 
ments appear to he inaccurate, and it may be pointed out that 
Ivahlenberg and Schreiner (ZeUsch, ph'^sikal. Ghern.y 1898, 27 , 
552)'' obtained' conductivity data for aqueous solutions of sodium 
oleate- which are twice as great as- those determined by Bennhardt. 
In quoting the latter, Goldschmidt remarks (’Gbhelohde and 
Goldschmidt, ^^Handbucli der Oele und Fette,’^ 1911, III, 47) that 
the experimental results appear to be-' due to some error. Again, 
Demihardt’s data for aqueous potassium oleate differ in some cases 
from those of Kurzmann {KoU. Ghem. 1914, 5, 42J) by 

as much as 30 mhos. 

It is very satisfactory to find that the complicated relationships 
observed by Dennhardt have no real existence, for it would be 
difficult to explain them, although other similar cases are to be 
found in the literature of non-aqueous solutions. The point is 
that they appeared to occur in a substance of simple molecular 
weight and in regions of extremely low concentration of ions. 
Thus a mere trace of ion would have to possess a quite impossibly 
great intrinsic dissociating- power, -enormously greater even than 
the sufficiently improbable value 'ascribed . to, , i'onised potassium 
chloride by Walden (dielectric constant calculated as 14,000). The 
other alternative would have to be that the ions possessed great, 
tendency towards-- complex-formation, - even - in ' extreme dilution,''- 
without, .however,- an' apprecia'ble proportion el -the "corresponding, 
undissociated complex being formed,' 'even', in' very concentrated 
solutions,-' 

' '- .Godlewski {BnU, Amd, ScL Gracom^ 1'904,. 6, -,,239) found- 'that 
.eight '-organic acids exhibited in' alcohol conductivities- of the same 
.--order of', magnitude- as that described nbove. for:- oleic acid* '■ Further,-',' 
'these , -acids obeyed the law -, of mass' action; , ,' When ,' .the "'i'Ohis-atid'n-' 
-is 'SO' small,, -the law;'of mass action- requires.-.-that./i/v^'r should be' a 
' constant, ' -where '//' 'is'-' the, mO'lecular-''C,ond'Ucti^ v the dilution 

in 'litres,. 

, - In 'Aable '11, -' the .penultimate column contains the values of this 
expression /x/ \/ and the last column the same expression corrected 

,„ „f or .'''-'.th©''-'- conductivity the'^^^lcohdl'*..^'--'' ;■ ^In- -bQili,''',-',C'as08,',;':'^W'-^ 
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cleiinifeely sliowii tliat tlie 'values ai’e not constant for solutions of 
greater concentration, tlian iY/ 8 'or Nj^ respectively^ .but both ex- 
l>:ressioiiR are apprC'clably constant for the more' 'dilute ■ solutions.' 
The uncorrecte'd values must ultimately continue to rise almost 
in proportion to the dilution, owing to the fact that the specilic 
conductivity is to he very largely ascribed to the alcohol. 

The corrected values are constant, for the fifty-fold range of 
dilution helow iV'/2, within the experimental error, which is, how- 
ever, necessarily rather large. In other words, the law of mass 
action applies to these results. The conductivity of the highest 
concentrations diminislies rapidly, obviously because the solvent 
is being altered from alcohol to a mixture in which oleic acid 
■actually preponderates. ■ 

bVightinan, ' 'Lloyd, Wiesel, a'lid^' Jones {J, A. mer. Oheui. Soc., 
1914 1916, 88, 121) have measured the conductivity 

of more than forty organic acids in alcohol, including a few of 
those measured by Godlewski, and find a conductivity of the same 
magnitude, but the conductivity does not obey the law of mass. 
Their results, like Wilderman’s (Zeitsch. phi/sikal. Chem., 1894, 
14, 231, 247), tend to increaser almost as fast as the dilution, 
instead of being proportional to the square root of the dilution. 
This deviation from the law of mass action is consequently in the 
opposite directioii from that observed for strong electrolytes in 
aqueous solution. ■ 

It appears possible that Jones's data were not corrected for the 
conductivity of the alcohol, although in iV/512-soIution this 
.amounted ' to ' more . than - two-thirds of the ' conductivity. Their 
results in sO'mei cases obey the law of mass action if corrected, some 

■ are erratic,' a .few diminish rapidly,., whilst half- still rise with 
dilution. 

. It is really not s.iirprisiug that the law of mass action is not 

■ ..always observed, ' as the relationships '' are complicated by the. ester- 
ification . which slowly takes place. This must remove . hydroxyl 
ions formed by the alcohol and enhance the amount of ethyl ions 

., -preseiit.- 

., -The slow- esterification does. -not alter the conductivity. 'much, in 
' spite of the., water formed. -A 3*.4'iT(weight)-solutiO'n does not alter 
'in .conductivity -at' 60*^' by m-ore.than, 1 or 2 per cent. in. .six hours 
from the-, time of preparation. According .to Jones and- .Ms, c.o- 
.w.orkers,.a ce-rtain '.amount 'of esterifi, cation must occur,, .altho'Ugli 
they -found: the rate- to be independent of the temperature-' within ■ 
-their experimental, error. ., ,'Dennha,rdt-,',-(^oc".', at.y. 'found . in -.'an 
, :18--.4 per cent, solution of" oleic ackl, m':in,ethyl alcohol 'an ' ■, increase 
'..y of . -o.nly' .2*9 ..per ■c-ent.-',-';''in'':' fifteen'’.''.,hours' at;:.25'^,' 'an of 
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4 per cent, in a 36 per cent, solution in fifteen hours. In an 
18'5 per cent, solution in ethyl alcohol he observed an increase of 
0’2 per cent., and in a 53 per cent, solution an increase of 2' 6 per 
cent, in specific conductivity. 

Although ill a given time the proportion of acid converted into 
ester and water would be about the same for any one temperature, 
independent of the concentration; on diluting there is now more 
than one substance’ present, of which the dissociation, and therefore 
the conductivityj is increasing with dilution. This would seem to 
explain the general nature of the results, but a study of the esters 
in alcoholic solution and further knowledge of the part the ions 
play in the ■mechanism of the reaction are required for a full dis- 
cussion of the phenomena. 

No stress can be laid on the confirmation of the law of mass 
action by some acids in alcoholic solution, since all such systeins 
are either in process of reaction or have attained equililiriu.m 
through the presence of a large amount of ester. 


3£iii4ures of Oleic Acid and Potassiuni Oleate in Alcohol, 

There is a slight but distinct tendency for oleic acid and 
potassium oleate to unite, with the formation of a complex. This 
is shown by the following ebullioscopic data for mixed solutions, 
where the concentration of the oleate was 0T6iY (weight) and that 
of the oleic acid varied from 0*27iV to 0'57i\^ The molecular 
weights found were 311*9, 289*1, 296*4, 322*8. Mean, 305*0 ; Gale., 
282*3. Difference, 7*4 per cent. Found above (p. 44.0), for pure 
oleic acid solutions, ,287*1. 

The conductivity of potassium oleate i,u alcohol is diminished 
by the addition of oleic acid . to the ' solution. For ' Instance, 
(}*28iT(weight)-s0liition, of potassium oleate at 60^ • possessed ' 'a 
specific conductivity of 0*001552 ; on adding' 2*88 equivalents ■ of' 
oleic . acid [2*88 x (}*28x¥ (weight)], the', specific conductivity/ was 
lowered by 44-3' per cent, to 0*000865. /A 0*34,i\^( weight) -solution' 
of the oleate exhibiting a conductivity of 0’001381 on addition of 
0,‘164, equivalent' ,(0*164 X 0’34i\^) of .oleic, acid ga've ..the' ' value" 
()*0()1336, a loweri'ug'' ','of 3.‘3 per cent.',. , ''Although the lov^ering is^: 
thus proportional to the oleic acid added, the effect is not simply 
dilution' of ' the ,, solution, by indifferent-, oleic .acid, since , in "the first 
, ease'',,, the .,' weight o-f oleic .acid.’; was. ,'only^ 21 per 'cent, of, the total 
weight of solution. This shows again that a certain amount of a 
co-mplex is 'formed.., ,' 
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S'mnmary, 

111 moist as well as in dry alcohol, potassium oleate is a iypical 
simple electrolyte moderately dissociated. " Oleic acid, contraxy 'to 
previous' data, is' also' a normal electrolyte exceedingly little ' dis- 
sociated, but apparently obeying the law of mass action on dilu- 
tion. In mixtures of oleic acid with potassium oleate, a small 
amount of a complex compound is formed, which tends to show 
that a small proportion of the ions of the oleic acid itself are also 
complex. This trace probably accounts for the slight but distinct 
tendency of all these solutions towards opalescence and froihing. 

My thanks are due to Dr. J. W. McBain, at whose suggestion 
this' work was 'carried out, ■and' also to the University Colston 
Society for a grant , which' has defrayed the expenses of this 
investigation., 

Chem'igal Depabtmeot, 

Bristol Uxivebsity. [Meceivedj March lUh, 1918.] 


ULXSfll.— Synthesis of Pyranol Derivatives. 

By Sabat C'HxiNDRA Chatteeji and Brojendra Nath Ghosh. 

It has been shown by one of us (T., 1915, 10'7, 1442) that diketo- 
liydri'iidene condenses with' o-hydroxyaldehydes,' giving ketoiiido- 
pyraiiol derivatives of the following type ; 






/\/ 

CO 


-CO 

CH, 






oh/\ 

CHol^p 


3^'-^ \A/%/\/ 


CO CH 




^ott 




/\. 




CO 


oh/''. 


"It is 'apparent ' that, the 'existence '-of the •C'O'CH^* CO'* .group in,' 
'diket'ohydri'ndene is, ' responsible’ for These ' changes, and* in , order to 
.'show' that',' the^ reaction is a .general ohe, we have ^extended;, the.'in- 
.ves'tigat'i'on' 'to other .substances containing this',' group.', '''^ In 'The' 
'present .paper,,' we describe/ : experiments ', with ,b,en'zoylac'e'to^ ,'and 
a,cetyIac©to,ne..',"' 'On©':' would, ''expect- that 'in'., '.'these' ','c.ases',"'„als, 0 ' the' 
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interaction between,' say, benzoylacetone and salicylaldeliyde would 
proceed' in the normal way, yielding condensation products of the 
folIo'Wing type: ' 


/.\0H COPh 
l^pOHO CHj-COMe 


dboH 9®!’^ 

C-COMe 


001 

/\/'^CPh 


>C-COMe 


OH 

(!•) 


001 

/N^^OMe 

L^/J\,J^d0OPh 

OH 

(JL) 


The reaction is .not, however, so simple as that iiidicaiecl by the. 
above equations. Under difierent conditions, we have been able 
to isolate three different products from the condensation of these 
two substances. Two are actually the same as I and II, one, being 
soluble ill alcohol and the other insoluble. The former loses 
hydrogen chloride very readily on exposure to air, and is con- 
verted into its base. From its similarity to acetylacetone, we are 
of opinion that it may have the constitution indicated by I, the 
insoluble substance having the constitution II. The third product 
is a, complex substance resulting from the reaction of one molecular 
proportion of salicylaldehyde with two molecular proportions of 
benzoylacetone, the constitution of which has not yet been deter- 
mined. ' 

• In the case' of acetylacetone 'and. salicylaldehyde, two^' ' different ^ 
substances were isolated, . one of which was soluble and' the other 
insoluble in acetic acid. In this reaction, the interme'diate' ini- 
saturated ketone. could not be ' isolated. . 

In The case .of benzoylacetone and salicylaldehydep the inter-, 
.mediate was obtained by. boiling the 

insoluble compound., formed by their condensation in the presence 
of hydrogen, chloride, with- excess, of. ■■ aqueous . potassium hydroxide 
(50, per. cent.). The substance, ,on being', boiled with dilute hydro-' 
'chloric acid, condenses again, to, the original anhydrohydrochlorici.e 
,(I or.II).; 

"The acetyl or be,nzoyl groups. -'of’ these.' substances are very.'eta.ble, 
as they are not eliminated on boiling with dilute hydrochloric acid 
for a long time or even with sodium hydroxide solution, 

- ''The' bases , corresponding -..'with' both '!■ and.. II have" "also- 'been.' 
isolated, 'Their' coBstitutio,ns, being' represented., by.' .the, same, form'ulae, 
'.-except' 'that- chlorine is, replace,d,,hy,-h'ydroxyL:',,,; , 
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Ex.P ER I MENTAL, 

Preparation of Bemoylacetone. 

Claisen 1887, 20, 655) prepared this coiiipound by treat- 

ing a iiiixtiire of acetone and ethyl benzoate with alcohol-free 
sodium ethoxide, but the authors have found the following method 
iiuich more easy and advantageous. 

A mixture' of 30 grains of ethyl benzoate and 15 grains of 
acetone was treated with 50 c.c. of dry ether, and then 4*6 grains 
of sodium wire or shavings were added. The whole was cooled in 
water, and the sodium salt at once began to separate. After an 
■Iioiir, the 'mixture was gently warmed on a water-bath for a few 
minutes. The precipitate Avas collected, washed with ether, and 
then '.spread: on a' porous ' plate. The .dried sodium salt was dis- 
soh^ed in a small quantity of hot water, and the cooled solution 
quickly acidified with dilute sulphuric or acetic acid. The pre- 
cipitate was collected and washed, and Avas found to consist of 
almost pure benzoylacetone. 

Condeiisation of Benzoylacetone and SaUci/laldehyde. 

Benzoylacetone (6*4 grams) and salicylaldehyde (2*4 grams) Avere 
dissolved in the minimum quantity of methyl alcohol, and a current 
of dry hydrogen chloride was passed through the solution for two 
hours. The mixture became hot and assumed a dark red colour, 
but '110 solid substance separated. After about 'five hours, the 
liquid was' poured into dilute hydrochloric acid,, when, a dark gree,u 
substance separated. This Avas .collected, washed ' with dilute 
hydrochloric acid, and finally recrystallised from alcohol contain- 
iiig 'dilute hydrochloric acid : . 

: ., 0*138,9 gave 0*4125 CO.'and 0*0667 , C-80‘9; H = 5*S. 

,C 27 H 2 o.Os>iH 20 requires, 0== 80*8; 11 = 5*3' per cent. 

.. .The compound ' crystallises in. 'dark green needles which, melt at 
.about" 120^. It dissolves 'in acetic acid, yielding a green, solution 
exhibiting, a, slight green fiuo-rescence. ' On" boiliii,g with hydro- 
.'....chloric': acid,, the . 'substance remains unchanged. It forms a, 'very 
. unstable hydrochloride Avhich .evolves 'hydrogen chloride' on. bei'ng 
'kept'' in a .'desiccator.' 

(I), or" 

A mixture 3* 2, .grams ''.'.of''" .benzpylacetoiie, '.and .',2,:'4;'' ' '.grains' of 
.salicyflaldehjd^. was dissolved in 'excess ,'of('methyI alcohol, ,' 'and ",th'e'. 
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BO'lution cooled in a freezing iriixture. A, slow ciirre-nt of dry 
iiydrogen. chloride was then passed into it, care being taken that 
no rise of temperature occurred during the reaction. The solution, 
gradually darkened in colour, and a dark red_, crystalline substance 
separated. The mixture was then poured into dilute hydrochloric 
acid, and the dark, crystalline substance which was obtained in 
this way was collected and washed with dilute liydrocliloric acid. 
On attempting to recrystallise it from alcohol, it was found that 
only a small portion of it (B) was soluble in alcohol, whereas the 
bulk of the precipitate (/I) was insoluble in practically all the 
ordinary solvents. The substance A was kept in a desiccator over 
potassium hydroxide and analysed: 

0-1793 gave 0*4594 COg and 0*0807 HoO. 0=69*8; 11 = 5*0. 

0-2646 ,, 0*1259 AgCL 0 = 11-8. 

Ci 7 Hi 302C1,-|H20 requires C = 69*6; H = 4-8; 0 = 12*1 per cent. 

It is a black, crystalline substance which does not melt. It dis- 
solves in concentrated sulphuric acid, forming a red solution which 
does not show any fluorescence. 

The hase corresponding with the salt (A) was prepared by tri- 
turating about 1 gram with an excess of a 2 per cent, solution of 
sodium hydroxide. After keeping the mixture for about half an 
hour, it was filtered and the residue washed until the filtrate was 
free from alkali. The substance was then kept in a desiccator over 
sulphuric acid: 

0-1779 gave 0*4679 CO. and 0*0916 H.O. C = 71*7; H = 5*7. 

Ci 7 Hi 403,H20 requires 0=71*8; 11 = 5*6 per cent. 

The base is a pal© brown substance which is insoluble in all the 
ord,inary solvents. .On heating, it does -not melt, but chars. '■ It, is 
reconverted' into the original salt -on. being treated ' with ■ dilute; 
hydi'ochloric acid. , 

.'This was, prep.ared by heating - .the' insoluble pyranol ■ anhydro-' 
hydro-chloride , 'with a ,50 per, ce-nt.', solution,' of' potassiu.m, hydroxide,' 
for several hours.' -After being - .-cooled, - the mixture, was acidified 
with, "dilute hydrochloric acid, filtered, 'and the residue , washed,^ w'.ith 
hot water. It is a pale brown substance which does not melt on 
'heating, ' and changes to- a .-chocolate '■.colour on exposure to-'-air : -.y, 

' ,','0-'1865'gav© -0*'6-066'' -COj> and" 'O-*, 0990'' aO', ,' 0=74*0 =5, 
..r6quir^':''.C=74;*I';;- H;=5-*4tper 

■'„'. Attempts to prepare this substance -directly by condensing the 


/Noh 

q yOHICAcB^ ' 
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rxiBstitueiiis in ilie preseneo of piperidine ■ or metliyl-alcoliolic 
sodiirm liyclrO'xide were tinsuccessful/ .In every case, a gummy 
inaterial separated, from ' which .no definite ■ substance could be 
isolated, 

Stihstmice i?.— -As this was formed in very small amount, we 
isolated it by condensing molecular quantities of benzoylacetone 
and salicylaldehyde in excess of methyl alcohol and filtering off 
the precipitate formed. The alcoholic solution was then mixed 
with dilute- hydrochloric acid, when a brown substance separated, 
which was collected, washed, redissolved in alcohol, and reprecipi- 
tated with dilute hydrochloric acid : 

0*1815 gave 0*4757 GOg and 0*0813 HgO. C=7h4; H = 4*9. 
C;i 7 H| 302 Ci requires 0=71*8; H = 4*6 per cent, 

' . This . pyranol' derivative is a pale brown substance which fuses 
at a high temperature. On keeping it exposed to the moist atmo- 
sphere, it slowly hydrolyses, giving off hydrogen chloride, and being 
converted into the corresponding base. 

The 6 use was prepared by dissolving the corresponding anhydro- 
hydrochloride in alcohol and treating the solution with an excess 
of aqueous sodium acetate. The precipitate was collected, washed 
with water, and then crystallised from dilute alcohol, when it 
separated in green prisms, which appeared grey when dry: 

0*1426 gave 0*3744 COo and 0*073 HgO, C = 71*6; H = 5*7. 

Cj 7 H 2403 ,H 20 requires C = 71*8 ; H = 5*6 per cent. 

Condensation of Acetylacctone and SaUcylaldehyde, 

This condensation product was- prepared by dissolving 2 gram.s 
of .acetylacetoiie .and 2*5 grams of salicyialdehyde in, the' minimum 
quantity of, methyl alcohol, and then saturating the solution with 
,a' rapid stream of dry hydrogen chloride for three hours, car© being 
duken. to avoid any rise in temperature. .. The- .m.ixture gradually, 
became dark red and soon deposited' crystals. ' The- whole- was 
poured, , into dilu'te hydrochloric ' acid, . and the ' substance was eol- 
lected', ■ w.ashed, and dried. On boiling with acetic acid,, it was 
found that a -large portion of it dissolved, ■ but a small quantity 
.T-em'ained' insoluble ' although’ boiled 'with much acetic , acid. The" 
'■soluble" portion was r-eprecipitated .with -dilute hydrochloric -acid 
--and'''kept'"in a .vacuxim -desiccator: 

'''-:''0*'2'607' gave 0'-5617" COg and 0*'1009 H^O. ' ' C = 76*3 ; H =,5*58. ' ' 
'.C 17 H 40 O 3 ' requires- G = 76*1.; H = 5*9' per cent.- ■ ' ■ 

It ■crystalHs-es' ''in.' violet-coloured: .prism,s, , which, ^ not melt but 
carbonise ' 011 heating, '- It:- f o.rms- . a '. hydrochlo'rid© - which, on keep- 
ing, gradually loses hydrogen chloride and becomes-- quite free from 
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the acid after two or three days. It is ■ soluble iu pyridine and 
other solvents of liigli' boiling point. 

The phem/lky~dmzone of this substance _was prepared by dis- 
solving 1 gram in glacial acetic acid and boiling the solution with 
an excess of phenylhydrazine for about half an hour. The mixture, 
after being cooled, was poured into dilute acetic acid, and the pre- 
cipitate collected, washed, and recrystallised from alcohol, separ- 
ating in rose-red needles . which melt at a high , temperature: — 
above 300*^: 

0T431 gave 10 c.c. No at 29"^ and 756 mm. N = 7*9. 

C 23 H 22 O 2 N 2 requires 17 = 7*8 per cent. 

The portion ' insoluble in acetic acid was kept in a vacuum 
desiccator over sulphuric acid for several days and then analysed. 
It was a chocolate-coloured substance which did not melt : 

0*1251 gave 0*3383 COo and 0*0605 HoO. C = 73‘7; H = 5*3. 

C 24 H 22 O 5 requires 0 = 73*8; H = 5*6 per cent. 

Our thanks are due to Principal P, W. Siidmersen for the kind 
interest he has taken in the work, and also to the Research Pund 
Committee for grants which have defrayed the cost of some of the 
materials used in the work. 

Chemical Lab OEATOUY, Cotton CoLUKOB, 

Gatthati, Assam. : lEecewed, December 17 tht 


XKXVIiL— ; Abnormality of Strong EleGtrolytes. 
Part 1. Electrical Conductivity of , Aqueous Salt 
'■ Solutions. 


' By JnanendkA; Chandra Ghosh. ' 

'V AN ’t 'Hoff ' discovered, that.', aqueous ■ solutions 'of' ' ele'ctroly tea' show 
an „ abnormal osmotic .pressure. ^ ''■'■Porysuch:' solutions, as 
known, .the equation FV^iET ' holds., good. , Arrhenius ..suggested: 
thB>t ,'i,=,(l “-a) + w, ■ where a is the .degree of dissociation' And 
■the num'ber of ions into, wMch. a molecule dissociates. 
to Arrh.enius,. .there is, 'ther 6 fore,.:' an ' equilibrium ,' between,; ions An 
undissQciated molecules in solution. Ostwald attempted to apply 
hhe law of mass action to this , case of chemical equilibrium, but his 


:''d,il'ution;;laWi:, 


(i 


=, A" 'fails- ;'';absolutely /'^the; .casef:::-#',' ''Strong;: 
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electrolytes. Various hypotheses have been put forward to explain 
this anomalyj for example, hydration of ions', change in ionic fric- 
tion with dilution, formation of complexes, action of salts, change 
ill the dielectric constant ' of the solvent, interaction between, mole- 
cules and ions, etc. None, however, has been found to 'be satis- 
factory., It appears to the present author that the fundamental 
suggestion of .Arrhenius, postulating the co-existence of undis- 
sociated molecules and ions in solution, is probably not valid. The 
question of chemical equilibrium does not enter into the question 
at all in the case of strong electrolytes. In solutions of strong 
electrolytes only ions are present, and the attractive forces between 
ions are only governed by the physical laws of electrostatic attrac- 
tiGn. On the basis of this simple assumption, a quantitative inter- 
pretation of the increase of molecular conductivity with dilution 
'will be'given. . , 

W'umher ' of Free ' Ions in a Solutioiv containing a Gram-molecule 
of ■ Salt 'from the Classical Kinetic Theory, — According to a well- 
known theorem of the kinetic theory of gases, there is a simple 
relation between the total number of molecules and the number 
which can perform the work required to displace a molecule from 
the sphere of mutual attraction. In applying this theorem to 
calculate the number of free ions in a solution containing a gram- 
molecule of salt, we may proceed thus : — A salt solution, where only 
ions are present, is perfectly analogous to a gaseous system. The 
electrical attraction between the oppositely charged ions corresponds 
with the molecular forces in an imperfect gas. Due to this attrac- 
tion, a field of force exists in the interior of a salt solution, the 
potential of which may be represented by it , that is, A is the work 
done when ■ the ions , constituting a gi'am-molecule go ■ beyond one 
,, another’s sphere of attraction. -The -ions' in a solution are, of 
; course, endowed with a kinetic energy of translation, the distribu- 
tion of velociti-es being governed by ■ MaxweH’s law. As tlm work: 
don© in escaping from .the electrical field inside the Holiition. inuBt' 
:''-b© derived from the kinetic energy of the ions, only those; 'can 
„ e-scape which .have a- kinetic energy greate-r tha:n the w(.):r'k: .to 'be 
-done. ,- The problem before- us^ is, ' .therefore, to -de-te-rmin© what 
- fraction of the total' number of - ions has a velocity^ greater tlia:i:i 

."the: ..critical velocity- V q, where Here K is - Avogadro’s 

„ number - (6*16 x 10'^^ 'Millikan's- value)," ^'.the number of: ions "into' 

which : a" - molecule . dis'so-ciates, is- therefor©' the- , -work to 

'■';'b.'e-';<ione;;:-by.-.e-ach. .ion -before- it’ can' escape,. : , .Now.".- if ' -F^"''.is -th©'..;most 
probable speed of an ion, then the'"fractio'n - we ' arem'onsiidering is 
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represented by where e is the base of natural logarithm. 

Now if c is the square root of the mean of the squares of the speeds^ 
we have = and the required fraction becomes 

__A 

(Since there are ions of different equivalent weights in the solu- 
tion,, m signifies the mean mass of an ion.) 

As wN is the total number of ions, the number of free ions 

^nNe ........ ( 1 ) 

Conclmtiviiy of Salt Solutions.— It is well known that Ohm's 
law holds good for electrolytic conduction. No' energy ds therefore 
lost in overcoming the forces of mutual attraction .'between ions. 
Any hypothesis put forward to explain the phenomenon of electro- 
lytic conduction must take into consideration this fundamental 
fact. According to Arrhenius, the molecular conductivity of a 
salt solution at infinite dilution is at a maximum, because there 
the salt is entirely dissociated into ions. With diminishing dilu- 
tion the molecular conductivity diminishes, because the salt is 
only partly dissociated and hence the number of ions is less. On 
the hypothesis that in aqueous solutions wo have only ions present 
subject to forces of electrical attraction, a neat explanation can 
also be given. Since during electrolytic conduction no energy is 
lost in overcoming the forces of electrical attraction, only those 
ions take part in the conduction of electricity which by virtue of 
their kinetic energy can overcome the forces of mutual attraction. 
These are also the ions which can be' liberated ' on the electrode 
surface. The' rest are inactive so- .-far as electrical- conduction .is. 
concerned. At ■ any dilution, the . number, of free- - conducting ions 
is' equal tO' 

- ■ - 


where A is -the work -at" that dilution... -The 'mulecular' conductivity 
is proportional to this' number,'- -.; At -, infinite-.' d.ilutioii A' is 'zero^' 
since the ions- are outside one 'another^, sphere, of' attractio-n, And 
therefore the number of conducting "ions is nM. Therefore '' 


■or 




'd' : 
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The Electrical Worh Necesmry to Separate the' Gompomnt Ions 
of a Gram-molecule at Various Dilutions, 

(a) The Arrangement of Ions in Solution , — ^In the interior of 
a solntioHj the. electrical foi'ces between ions are balanced.'. In 
order that ' this equilibrium condition may be , attained, the ions 
should arrange themselves in a definite fashion. ' It. is necessary, 
that they should adopt a geometrical disposition of perfect regu- 
larity, as do the atoms when they assume a crystalline strnctnre, 
■under the forces of mutual attraction. This does not necessarily, 
mean that .the ions in solution are' devoid of any kinetic ' energy 
whatsoever. What we assume. -here is that , the mean disposition of 
the ■ oppositely charged ions should conform to some patterns in 
.space. ' 'According to Oatwald, .the conditions of the salt molecule 
in the crystallme state is not' far ^ removed from the state of solu- 
tion.' ' Indeed, there is not much difference between a crystalline 
salt and the same in^ a molten condition as regards their electro.- 
chemical properties. Thus, -the' experiments of Graetis (Ann,- 
Fhgs, Chem,f 1890, [iii], 40, 18) have shown that there is no 
sudden change in electrical conductivity as we pass from the solid 
to. the fused state. 

It may well be that even the forces which group the atoms of 
a solid salt according to a definite space-lattice are electrical in 
'.'nature. In the first place, therefore, we make the perfectly 
reasonable assumption that the marshalling of the ions of a salt 
in a state of solution is analogous to- the arrangement of its atoms, 
in the crystalline structure, ' ' 

.(h). The -Forces of Electrical AUracUorh hetween Ions,— Fot the. 

■ calculation of ..the 'electrical- work.it is^ necessary to make another 

■ assumption. -In solution, an ion. takes up a definite mean position 
because of the forces of electrical attraction exerted by oppositely 

.'■ charged, ions surrounding it.', "' 

We may, however, suppose that the component ions of a salt- 
■■■. molecule form., .a completely saturated electrical doublet. ' When; 

. a'.unival'ent' ion tends to, pass out of ' solution, the s.olution,becomeS' 
'.electrified with an opposite unit charge and attracts it as a whole. 

, By „assum.iiig ,' the .'existence 'Of electrical . doublets we. only ' locate the, 

■ centre,' of ', attraction, inside 'the solution. The w.ork necessary,' for 
'■ ,','separatiiig. the , component ions 'molecule' is the electrical w.O'ik' 

done in ''moving, the ions, constituting .a, doublet 'from, their .'fixed' 

' '.m.ean' , distance, '■ iii- , tho' . ,.S'olutio,n .-to '. an ,' infinite,. ■" distance apart. 
,.'■ ;Thus''^.' for' ah', ''aqueous '"solution '■ ’■of '":,',a;hinaty',' salt like potassium 
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cliloride^ tlie electrical work necessary for separating tlie potassium 
and cMoriiiei ions 

Dr 

wliere F is the charge on each ion, D the dielectric constant of 
water, and r the distance between the ' opposite!}?- charged ions at 
that dilution. 

For salts of the type of barium -chloride, there are two electrical 
doublets associated with each molecule, Cl-Ba-Cl. Now let iis 
remove the two chlorine ions vsiiccessively from the sphere of in- 
fluence of the barium ion. For the first chlorine ion, the elec- 

trical work is ^-.™,the same as is necessary for separating the com- 
ponents of a doublet in potassium chloride solutions. The removal 
of the second chlorine ion is much more difficult. This ion is 
attracted by two opposite charges, and hence the work due to 

electrical attraction is^ y The work necessary for ' separating 

the component ions of a molecule of barium chloride is therefore 

jf- ■ • • • • ■ ( 4 ) 

For salts of the type of magnesium sulphate the electrical 
work is ■ 

• ■ • • • ■ / • ■ • • ■ (D 

for each' ion here' carries two^ unit charges. Now, if we can deter-, 
mine the value of r for these types of salt at various dilutions, d 


is known, and therefore the ratio. ' which ■ is equal to cr^/ry can 
at once, be calculated. 

(c) Calculation of the Distance between Ions ^ m ■Solutions to f . 
Binary Salts.— Yhe distance, ■between , ■the, ' oppositely ' charged' .ionS;' 
in ■ an ' aqueous ■solution ; can be' very simply,' determined on ■ the 
assumption previously,, , made. ■■' Take,’ ' for ', example, , ■ the ,'cas6 of 
potassium chloride. ■ Bragg , has " actually measured the 'distance 
betw'een ,,th© planes 100, ,■ 110, ', 'I'll /'o'f,"', this' cubic crystal, 'ind^, has 
■ found ■ that it; is the slin,ple cu'bic-'latti'ce' to' which , the 'arrangement 
of " the ' atoms,, '.conforms,. ',' W© ''.therefore.: expect that , in solutions, 
:als,o, ' the sets , of: points ,. corresponding 'with 'the ,' mean position of 
the' ",'ioii8'',"for'm ' a cubic space-lattice. It is obvious that in a cubic 
'lattice ■There is only on© pointy That is, on© ion, associated with a 
unit cell, the distance between th© oppositely charged ions being 
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tlie linear dimension of tlie unit cell. Since tliere are SiF-ionSj 
tlie total' volume occupied By 2x¥-unit cuBes™2iY . 'r^'== F (c.c. con- 
taining, a gram-molecule), therefore 


K and A 
2N 


l/m 
"'d. " 


- 2i-^riog,^^- 


( 6 ) 

( 7 ) 




where E^4:l x 10 and 7;-81 at 18'". 

For salts like aiiiinoniiim chloride or potassiuni nitraiie, where 
coHiplex. univalent radicles are encountered, we are also justified 
, ill' assuming that the divstance Between ions at equivalent dilutions 
'is, mpproxiinately; the sa,me as in the case of potassiuni chloride 
solutions. „ , ■ 

(d) Calcu^^^ of the EistancG hetiueciv Ions in Solutions of 
Salts ' like Barmm Chloride , — Crystals of calcium fluoride, the cori- 
stitiition of which is perfectly analogous to that of Barium chloride, 
have been thoroughly investigated by Bragg (Proc, Eoy, Soc., 
1914, A, 89, 474). In a fluorspar crystal, the calcium atoms are 
arranged in a face-centred cube lattice, whilst the fluorine atoms 
occupy the centres of the small cubes. This structure explains 
how, for each calcium atom, two fluorine atoms may be arranged 
to form a cubic lattice. Assuming that the arrangement of the 
barium and chlorine ions in solution corresponds with the fluorspar 
lattice, we find that each unit cube of the lattice is associated with 
half an ion of barium. If r be the linear dimension of the unit 
cube,, since there are, A-hariunr ions, 2iV’.r3:=:F (c.c. .containing a 
gram-molecule), therefore 



The chlorine ions, from analogy, should occupy the centres of 
unit , .cubes, hen'c^ the , distance ■ .between the barium ion and 

.the ' chlorine is t. ■ Therefore the -'electrical work required to 

separate the components of a gram-molecule is equal to 

sNE'K^.ym' 


^3BTiog,i^9c 

; '..(e)' Calculation of /-the Distance hetween Ions in Solutiom^ of 
Salts like Maffnesimm Sulphate.^ — ^No- .' defi.nite.'.., etructur# ■ has yet 
been assigned to crystals of magnesmm ' siilphate.. -T 
mental 'lattice is,, of .course, .not cubic, ■but.'a.,rhoinbGhedrom. 
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It is possible .that, owing to the forces of electrical attraction; 
being greater, the oppositely charged ions constiintiiig a doiihiet 
should come together as close as possible. Since, however, we are 
dealing with a salt, the valency volumes of, the ions of which are, 
according to Barlow and Popeh theory, twice as great as that of 
a univalent ion, the distance between the doublets snould be 
greater than that in the case of potassium chloride. In solution 
we may take the cube as the fundamental lattice, without intro- 
ducing any serious error. The above conditions are satisfied if we 
imagine that the unit cube is formed only by two. oppositely 
charged ions placed at the adjacent corners. The unit cell becomes 
thus associated with only one-fourth of an ion, as in the cube- 
centred lattice. If r be the linear dimension of the unit cube at 
dilution F, then SiY. (c.c. containing a gram-molecule) or 



r is also the distance between the component ions of a doublet. 
Therefore the electrical work 


A 




IXn 



From the equations (7), (8), and (9), which contain no lur 


known quantities whatever, -^11 can be at once calculated for any 

dilution. In the following tables it will be shown how the 
observed values of at 18*^ agree with those . calculated from the, 
above equations.. The value of fx^ cannot he determined expert, 
mentall;|, but is generally obtained by extrapolation. In : the 
tables, the value of has been calculated from the observed 
values of /i.^ for O’OliT-solutionB, and this -theoretical value of 
has then 'been ntilis.ed in -caieulating /x,, at other dil'utions. ' The 
.observed ■ values of /t„/Xja„are fimni the tables of 'Koblra'Us.eh and 
co-workers. , , 

Table I. :■ 

V ^Dilution in litres. 

Moc calc. 


Salt. 

frdm^uioo 


t; ~ 10. 

20. 

100. 

1000. 

:5000., 

KOI,, 

.. . l3,2-2 ' “ 

f fAi, calc* 

111*7 

115*7 

■ 122*5 '. 

127*7 

129*2',', 

obs. 

112*0 

115*9 

122-6 

'127-6'- 

129*',! 

mat 

'.110*3 - 

//A„'calc. 

93-1 

66-5 

102*0 

- 106-4 ■: 

■,,"'10-8*0 

obs. 

920 

95*7 

102-0 

106*5 

107-8 

LiCI',."".,.. 

.. . 09*0./ 

f jUi, calc. ■ 

84^0 

'F.'sm 

92* T- 

. '96*2 

97-5 

o.bs* ' . 

;■ -'■82*4,,-' 

■■■F' 30-1" ' ' 

. 92*1 

';'''90*5 

97-8 

'asGF'' 

;';i:35- 4;, , 

calc. ■ 

■,.^114*3': 

V 

' ■ 125*2"-. '' 

'■ 130*6, 

132-6 

o,bs*'' 

■■ ' iis^o- ; 

,„, : ; 

125*2-', 

130*6 

1320 
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Table I. — {conlimied). 
V — Dilution, in litres, 

cQjIg# 


Salt. 

NH 4 CI ... 

from ^joo 

132*0 

1 calc, 
ljut? obs. 

«? = 10 . 
111*3 
110*7 

20 . 

115*4 

115*2 

100 . 

122*1 

122*1 

1000 . 

127*4 

127*3 

5000. 

129-3 

128*8 

KBr ...... 

134*5 

f fip calc. 
\fi„ obs. 

113*6 

114*2 

117*7 

117*8 

124*4 

124*4 

129*7 

129*4 

131-7 

130-9 

KI 

133*5 

1 calc. 
\j.ip obs. 

112*7 

113*9 

116*7 

117*2 

123*4 

123*4 

128*7 

128*2 

130*6 

129*5 

KNOs 

. 127*0 

j yUji calc* 
{fXo obs. 

107*8 

105*0 

111*2 

110*0 

118*1 

118*1 

123*3 

122*9 

124*8 

124*3 

.... 

, 105*0 

f ixp calc. 
XfAp obs. 

88*5 

87*4 

91*8 

91*4 

97*1 

97-1 

101*3 

101*8 

102*8 

103*3 

CaEgOaK: 

' 101*6 

f ftp calc. 
X/iip obs. 

85*9 

84*0 

88*9 

87*7 

94*0 

94*0 

98*1 

98*3 

99*6 

99*6 


Tke agreement is remarkably good. Tbe difference between tbe 
observed and tli© calculated values is rarely greater tban 1 per cent. 


Table II. 


V Equivalent dilution in litres. 



/iv and are 

€ q uivalen t con du ctivi t ies . 


Salt. 

jjAcc calc. 

fromftiOQ, 

V = 10 . 

20 . 

100 . 

1000 . 

5000 . 

BaCb •*-• 

i>, calc. 

, 124*3 

92*0 

97*3 

107-7 

116*2 

119*5 

92*2 

96*8 

107*7 ^ 

110*9, 

119*8. 

Br CL, ..... 


89*3 

95*2 

105*4 

113-8 

116*9 

90*2 

94*4 

105*4 

114-5 

117*5 

Oaf'l, 

119.1 I mji calc. 

87*5 

93*2 

103*2 

111-4 * 

' 114*6' 


‘ ' lju. obS5. 

87-9 

92*8 

103*2 

111-6 

114*4 


Tiie difference, between , 'tlie tbeo'i’etical .and. tbe ■ observed, vabm-! 
is never greater tban .1' per 'Gent. , ’. 


Table III. 


V ^Equivalent dilution in litres, 
is equivalent conductivity. 


Salt. . 

MgSO^ ...... 

.znS'O'^ 

4 


a<x calc, 
from /^3. 00 ; 


V =» 10 . 

.' 114*7; , 

f Up calc. 

48*1 

ohB. 

50*1 

'"llO-O .' 

f ju^, calc. 

46*0 

tfk- obs. 

46*2 

,/.VI0S*0:'t 

ffiii ,cal.c,>" 

: ■"45*2' 

Xfip obs. 

.■.'..■■45*0:'' 


20. 

100. ■ 

1000. 

.57*6 

- '76-6 ■■ 

95*1 

,57*0 , 

76*6 

',■■100*2' 

55*1 

' 73*4",, 

■,'"9l*0 

53*5 : 

,. ' 73*4 : 

98-0 

53*0''"'.': 

b,:.'72*2 

89*6 

51*4 ' 

72*2 

101*6 


€iiSO, 
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At F = 100 tlx6' discrepancy is very large. Below F = 100 tlie 
agreement is quite good. At liigli dilutions tlae conductivity is 
mucli. greater tlian th© calculated value, because of tlie undoubted 
liydrolysis of tlie salts — -the interaction between ions and water 
molecules. 

The Temperatnre-eo efficient of the Eatio . — We have seen 

how the observed values of fxv agree with those calculated from 
the equations (7), (8), and (9). There is every reason to believe 
that the laws of electrical attraction are independent of tempera- 
ture. The equations, w^hich yield very satisfactory results at 18^, 
should also hold good at higher temperatures. , In our equation 
for binary electrolytes, 

N.EKim . _ 

A — D.'VF- ■ 2ZfTiogVj 

* 'V 

if ■ the variation of the dielectric constant of water with tempera’ 

tiire be known, can be easily . calculated for any temperature, 
/^oc 

According to Drude, the variation of the dielectric constant of 
water with temperature between 0° and 7 6*^ is given by the follow- 
ing formula : 

A==A8{1-0-00436(^-~18) + 0'0000117(^--.18)2}. 

Assuming that this formula holds good up to 100^, the dielectric 
constant of water at 100^ = 62*6. Table IV shows how the calcu- 
lated values of — ’ at various temperatures agree with the 

hcK 

observed data of Noyes and Ooolidge (Zeitseh. phydkal. Che’in., 
1903 , 46 ,. 323 ). 

Tablk IV. 

Salt,. X*’. « = 12.3. =100. 

calc. 86-4 per cent. 93.0 per cent. 

: 

d'” obs. 87-0 „ 94-0 

Mk . 

r-p calc. 82-6 „ 90-9 „ 

100 ° 1 '^" 

I— obs. 82-6„ 9M „ 

.. . 

' The f coincidence , is remarkable.- The diminution .of''- the" ratio 
, withyincrease .-'in ; .temperature ■ -may ' . thus /'.vhe'/' quantitatively 

■explained.'""-;,'" ,'■. 'f:; '.y'.-'":- '-■ ■ ' 
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Ill coiielusioiij reference should be made to one important pointy 
namely, the qnestion of weak electrolytes. They are invariably 
either acids or bases. The abiiornially high conductivity, of 
hydrogen and h^^droxyl ions leaves no room for donbt that here 
there is a chemical interaction between solvent and solute rnoie- 
ciiies. OstwakTs dissociation constant is probably related in some 
way to the constant of these specific chemical reactions. 

I take this opportunity of offering my best thanks to Mr. J. IST. 
MiikherJeej M.Sc., for many valuable suggestions. My best thanks 
are also due to Prof. P. C. Bay. 

PeysigO'Chemical Laboratory', 

UNiVERsrrv College of Sciekce, 

Galcotta. IReceivedj July ISih, 1917-] 


XXXIX. — Spinacene and some, of its Derivatives. 

By A, Chastok Chapman. 

In a ' recent commimication (T.,, 1917, 111,. 56) describing tho' 
preparation and properties of spinacene and of some of its deriv- 
atives, I directed attention to the fact that the formula for the 
hydrocarbon based on the analysis of the hexahydrochloride (which 
was the most crystalline and best defined compoiiiid I had succeeded , 
in obtainmg) w^as not in good .agreement with the results f on;,, the 
deteriniiiatioii of the molecular weight by the cryoscopic method. 
This discrepancy I waslmahle to expla.iii, . and I therefore deter- 
mined to, prepare a further and. larger quantity of the , hydro- ' 
ea,rboii and' also of the hydrochloride. , I. was fortunately able to 
; 0 .btain some more of the shark-liver oil, and proceeded , to prepare 
spiiia.ceiie .froin, it; by the method' previously adopted.'. As in 
earlier work,' the main fraction ■ boiled within a range.' of a^ few 
'degrees and contained only about 0*5 'per. cent, of oxygen. 

As. I had, reason to believe that metallic sO'dium was without. 
actio.n on'.„the hydro'carbon, 1' proceeded ' to ■ distil it with the addi- 
,.t'i.on of' some .sodium, for the purpose of obtaining.a .product ‘free' 

, frO'iii oxygen. In .my earlier work, 'O.nly about 50 c.c. of the oil 
had been distilled in this'. manner, and then under ■ a pressure' of 
lO 'inio,,, ' . .In .the present' case, ■ a much' larger volume of 'the oil was' " 
employed, and' owing .faulty working of .the .puinp', '.,the, '. 
'■pressure during ,di.stillation’.,.'.remained. constant at about . 45 ', mm., 



CHAPMAN: SPINAOBNB AND SOME OP ITS DERIVATIVES. 459 

tlie bulk of tlie oil clistilling under tkat pressure at about 290“^. 
It was noticed tlaat during the distillation tlie liquid in tlie flask 
becairi© increasingly dark in colour, and towards tlie end liad 
become converted into an almost black, tarry mass. 

Tlie portion of tlie oil, whicli had distilled over between 280° and 
295°, was then submitted to fractional distillation (without sodiimi) 
at a pressure varying from 35 to 40 mm., and it was found that 
the boiling point rose gradually from 84° to 298°. 

Eroiii this result, it is evident that in the presence of sodium 
and under the conditions above mentioned, spinacene iindergoes 
some decomposition, and that this method cannot consequently be- 
adopted for its purification. I therefore decided to prepare some 
more of the spinacene by fractional distillation without the use of 
sodium and at a pressure not exceeding 10 mm. In these- circum- 
stances, a large- specimen of the hydrocarbon was obtained having 
the following properties : 

Boiling point 260° (corr.)/9 imn. 

Specific gravity (15715°) 0*8610 

Befractivo index at 20° 1-4956 

When examined by the Wijs method, it ivas found that 100 parts 
of the li 3 ?’drocarb on united with 367*9 parts of iodine. 

The following molecular weight determinations were made by 
tlie cryoscopic method : . ' . 

L 0*2262 ill 16*83 benzene gave- —0*1 67°. M.W.=:394. 

II. 0*2371 in 17*07 benzene- gave A^-- -0*174°. , M.W.=:39L ' 

This number is higher than that given in my previous 
paper, and in view of the results obtained in the- distillation of 
this larger ' quantity ' of hydrocarbon, the 'discrepancy is readily 
explained. i\,]though the breaking up of spinaceii© whan distilled 
over sodium does not appear to take jilace at all rapidly until a 
temperature corresponding’ with a pressure of about 40 to 50 mm. 
is reached, there can be no, doubt that 'a '■little decomposition does 
occur ■even at lower temperatures, ■and- that' the kydrocarbon wkich. 
I originally used for, tlie’ molecular weight determiiiations, must 
kav© been;, contaminated with a little of the' decompoaition products' 
o'f lower boiling 'point.' 

', 'It' may be recalled that the' average ■results of five analyses’' of' 
the hydrocarbon given in my ■■previous paper w^ere as follows: , 

0 = 87*75; H = 12*45.,: ' 

■ The above results therefore 'agree' 'well ,'witli , the .f o,mmIa 
.which requires 0='87*88; '.H=’12*12. per.cent. M'’-W. = 396'. /, 

■'■■ ■' Taking „th’e pr'Cviously determined number, f or'' the- sp'Ocific: refrac-' 
tio'iir namely, '0'339'4p' the molecular refraction' is 134*4,, ' 'Employ-', 
■: 'voD,' oxni. 
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ing Conrach^’s average numbers for tbe atomic specific refractions 
(D-line). Cl 29 H 4 g with six etbenoid linkings requires 134*3. Taking 
tiie specific dispersive power of spinacene as 0*0114, its molecular 
clispersion, (ry~ra)J/, is 4*51. Taking Eisenlolir's numbers for 
tbe atomic dispersion for tne a- and tbe y-bydrogeii lines, tire calcu- 
lated number is 4*21. 

As tbe results of tbe analysis of tbe bexakydrocbloride: wbicli I 
bad previously prepared were in fair agreement with tbe higher 
formula, CgoHjo, I determined to prepare a larger quantity of this 
compound and to submit it to a very thorough process of purifica- 
tion. It was prepared as before, by passing dry hydrogen chloride 
into a well-cooled solution of spinacene in dry ether. The result- 
ing hexahydrochloricle was then purified by dissolving it in warm 
benzene and' adding alcohol until the compound commenced to 
separate, and finally by crystallising from warm benzene alone. 
Chlorine estimations were made in each crop of crystals, and the 
process of recrystallisation was repeated until the chlorine ' per- 
centage,' which showed a tendency to increase, became constant. 
After the third Tecrystallisation, the substance was analysed, with' 
the following results: 

0*2020 gave 0*2814 AgCI. 01 = 34*45. 

0*2145 „ 0*2990 AgCL €1=34*49. 

C29H4g,6IICl requires Cl = 34*60 per cent. 

In the process of recrystailisation, the nielting point also rose, 
the final preparation becoming pasty at about 120*^ and melting 
to a clear liquid at' 126^. During this process of reciq^stallisation, 
a small quantity of an oily substance containing about 24 per cent, 
of chlorine was separated from the mother liquors. It will' be seen 
that the above result is in. far better agreement with the formula 
C29H48 than with the ” formula previously . suggested, namely, 
C3OH50, which requires 01 = 33*86 per cent. . A 5 per cent, solution 
of the hydrochloride in benzene was found to be optically inactive, 

■ When heated .for some' time with boiling water, in which it 
appears to be quite insoluble,' ■ no "decomposition occurred. ' When 
heated', ho'wever, for sometime with a m'ixtiire; of; alcohol and water, 
the crystals . soon became pasty, .and the liquid, after filtering, gave 
a strong reaction' for,, chlorid'e. 

'.In the course: of these 'experiments, "a further qiiaiitity',' of the 
"oily hydrochloride' soluble in ether was obtained, but there is' some'' 
doubt as .to the 'definite .character: of this ' compound, and. a' further 
study . renders' it very; doubtful : whether it cO'Hstitiites ■ a .product, 
intermediate ,, between .the," hydrocarbon ' a,nd „■ the ' crystalline''. , hexa-; 
hydrochl'ori'de'.','" '.''''''''.'t:'''' 
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Uecowh'podtion of Spinacene H exahyd'rochloride hy Heat. 

I liave p-revio'iisly directed attentio'n to tlie fact that, when this 
compound is heated to a temperature above its melting point, 
hydrogen chloride is liberated. 2*14 Grams of the hydrochloride 
were introduced into a weighed test-tube, which was connected 
wdth a vacuum pump. The tube was then iniinersed in an oil-bath 
and heated for four hours to 150°. Hydrogen chloride was freely 
evolved, particularly at the commencement of the experiment, and 
at the end of the above time it was found that 0*32 gram of 
hydrogen chloride had been lost. .The heating was then, continued, 
but as the evolution of gas became very slow, the temperature of 
the bath was raised to 190°, at *whicli temperature it was main- 
tained for seven hours. At the end of this time, a further 0*36 
gram of hydrogen chloride had been given off, making a total loss 
of 0*68 gram, the total amount present in the hydrochloride taken 
being 0*76 gram. At this point, the evolution of hydrogen chloride 
had become so slow that the experiment was stopped. 

The oil remaining in the tube was fairly mobile and of a pale 
red colour; The iodine value of this oil was 255*5, and it con- 
tained Cl=5*2 per cent. A 10 per cent, solution in beimene was 
found to be optically inactive. 

From this experiment, it would appear that the hydrocarbon 
left after expelling the hydrogen chloride by heat- differs from the 
original spinacene in being less unsaturated, due probably to the 
occurrence of some intramolecular change, such as that involved 
in the conversion of pineiie into camphene. The molecular weight 
of this oil determined by the depression of the freezing point in 
benzene solution was 479, showing that, in addition to the above 
intramolecular change, there had been some polymerisation. 

Action of Hydrogen Bromide. SpinUcene Ilexahydrohrornide: 

Dry hydrogen bromide was passed into a well-cooled soliition of 
.spinacene in several times its volume,' of .dry ether. Shortly,. after' 
the liquid had become saturated, a white substance formed, which 
.appeared , to- . consist- of a'' crystalline substance., and an oil. '■ A 
further''qiiaiitity..of 'dry ether was. added, and the precipitate, was 
'separated,, wa.shed with, ether, and dried. , This substance, "was 
purifi'ed.. by. .dissolving, it "in'- benzene, ' -adding. : alcohol ' until,, the' 
separation of', the, .co-mpound.- just '"commenced, and' finally 'by '.'xe- ., 
crystallisation ' from „ 'benze.,ne ' alone.'. ' ' .After three recrystallisations, 
'the,'''',pr,od'u,ct '.' appear'ed to..' be '.'pure,'; and. '.gave,' on, analysis; ."the foilo-w-,"' 
'ing:, 'results:'':" ''-"'-''I'' 
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O’ 2061 gave 0*2640 AgBi\ Br = 54'51. 

C2pH4g,6HBr requires Br = 54*42 per cent. 

As in tlie' case of tlie liydrocMoride', it will be seen that tbis 
perceiitage accords miicli better with the formula I'baii with 

the theoretical percentage^ of bromine in the latter case 
being 53*57. 

The hexahyclrobroinide is a brilliant., white, crystalline conipounii 
closely reseiiibling the hydrochloride in appearance as well as in 
respect of its solubility in the commoner solvents. As in the case 
of the liexaliydrochloride, the yield is’ not very large, oily com- 
pounds being formed at the same time. Thus, in one experiineiit 
ill which a solution of 5 grams of spinacene in 10 c.c. of ether was 
saturated wdth hydrogen bromide and allowed to remain for 
twenty-four hours, the yield of the hydrobroinide did not exceed 
6’ 5 grams. When heated, the crystals soften at about 126^ and 
melt to a clear liquid at about 132^. When heated to a still 
higher temperature, decomposition occurs, hydrogen bromide being 
freely evolved. 

I hay© devoted a good deal of care to the purification of the 
hydrochloride and hydrobroinide of . spinacene, since these com- 
pounds are definite and well crystalline, and consequently a, fiord 
the best indication as .to the correct molecular formula of the 
hydrocarbon. It will be seen that all the results given above 
agree well wuth the formula CogTI^g, and although the other deriv- 
atives described in my previous comniuiiication are less well deliiied 
than the hydrogen haloids and not' very easily purified, atti3iitioii 
may be directed to the fact. that, ivit.li one exception, the analytical 
results in ail cases agree better w'ith the formula CboHjg than witli 
Cgj'jTI-y. ^ This will be more clearly seen by reference to, the follow- 
ing numbers : 



Bound. 



Spiiiace.ne trinitrosocliloiide : 

Ci= ■ 

1S-4S 

18-00 

17-50 

1 .. . 

7'36 ' 

7-10 

6-92 " : 

.Spinacene triiiitrolpiperidide : ■ 

11-52 

11-38 

11-2.0' ■ 

Spinacene trinitroibenzylaixiide : . 

■ 

10-58 

10-45 

10-27 . 

Spinacene hexanitrosochloride : 

10-62 

10-65 

"10*46 

. €!=■ 

■ 27-42 

27-00 

'26-52' 

Spinacene 111 tro sate : , 

. ■ 

12-80 

12-50 

12-30'.,^^. 

The ' si iigie ■ exception ^ referred- . 

to above 

.'is the' .' 

dodecabromide, 


which .'contains Br= 69; 7' :'as compared with .TO* 7 9 per cent, required 
for the lower molecular formula and 70*07 per cent, for the higher. 
I^ .liave already indicated, however, that the action of bromitie on 



Chapman ; spinacbne aSD some oe its derivatives. 463 

spiliaceiie is very complicated, botli addition and substitution 
derivatives being sirnultaneoiisly formed. The bromine coiiipoiiiid 
is, moreover, eitlier insoluble or only very sparingly soluble in the 
great iiiajority of tlie ordinary organic solvents, and could only be 
purified by tlie addition of alcobol to its solution in tetracliloro- 
etliaiie. It is quite possible, therefore, that tliis compound has 
not as yet been obtained in a state of purity. 

Action of JS'itnc Acid on Splnacene. 

hlitric acid (D 1*42°) mixed with an equal volume of water was 
added to spinaceiie and the mixture w-armed. A very vigorous 
reaction occurred Avith the evolution of oxides of nitrogen. After 
the reaction had subsided, water was added, and the solid sub- 
stance which Avas formed was collected, washed, and dried. It was 
purified by dissolving it in aqueous sodium hydroxide and by com- 
pletely saturating the solution vdth carbon dioxide. The pre- 
cipitate AAdiicli formed Avas separated by filtration, and the clear 
filtrate, on acidification AAutli dilute sulphuric acid, gave a further 
precipitate. The latter substance was almost insoluble in ether 
or petroleum, but iiioderately soluble in alcohol. It dissolved 
readily in glacial acetic acid, from which solvent it was obtained 
by the gradual addition of water as a pale yellow precipitate. 

It is clear that in the aboA^e experiment - at least two products 
are formed, and doubtless others could be obtained by modifying 
the conditions of nitration. 


Deccxrri portion of Spinacene hy Heat in the Fresence of Sodkini, 

At the cominencement of this paper, I referred to the fact that 
a coiisiclerable quantity (about -500 c.c.) of' 'spinacene had been dis- 
tilled over sodium at temperatures corresponding with a pressure 
of about 45 mm., and that evidence was obtained that under these 
conditions some decomposition had occurred. The oil which clis- 
tilled over between 280*^ and 295^, and measured about 400 c.c., 
was submitted to fractional distillation (without sodium) under a 
pressure of about 40 mm. The following four fractions were 
filially obtained : 

( 1 ) 84—88*^ (about 60 c.c.). 

; (2) '155--~175'° (about 60 C..C.). 

.(3) 220™™275° (about,, 80 c.c.).'' ' 

' (4') 295---298° (about 150 C.C.). '■ 

' An .almost colO'Urless, viscous' .substance remaiiied' in the .fiask. 

: .'.The first of the above fractions," which ;consisted of a fragrant. 
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mobile liquid, was purified by steam distillation, followed by frac- 
tional distillation. The greater portion (about 50 c.c.) boiled 
constantly at 69^/20 mm.: 

01097 gave 0-3470 CO.^ and 01286 H^O. C- 86-26; 11 = 13-02. 

0-1121 „ 0-3555 col „ 0*1301 lio. C = 86'48 ; H = 12*89. 

From tbe above^ it was clear that this liquid consisted of a 
hydrocarbon and contained about 0*6 per cent, of oxygen. It was 
therefore redistilled several times over sodium, and the^^ portion 
boiling at 51— -54^/10 nmi. again submitted to analysis: 

0-1291 gave 0-4120 COo and 0*150 HoO. 0 = 87-02 II = 12*90. 

C|QHjg requires C = 87*0; H = 13”0 per cent. 

This hydrocarbon boils under the ordinai*y pressure at 170 — 175°, 
a little polymerisation apparently occurring during the process. 
It is optically inactive. The following molecular weight deter- 
mination was made by the cryoscopic method : 

■ 0*4021''in 16*36 benzene gave.: A^= —0*909°. M.Wi=135. 

C\oHis: requires M.'W. = 138. 

Its specific gravity at 15°/ 15° = 0*8149 and at 20°/20° = 0*8125. 

Its index of refraction at 15° = 1*4588 and at 20° = 1*45 65. 

. - 1 

Its specific refraction calculated by the — formula is 
^ {n^-b*2)d 

0-3353 and the molecular refraction is 46-3. 

Taking Conrady’s average numbers for the atomic specific refrac- 
tions (D-line), CioH;,_g with one ethenoid linking requires 45*8. 

The following estimations were made of the amount of bromine 
capable’ of uniting with .the hydrocarbon. ■ The -broiniiie wms ' dis- 
solved in carbon tetrachloride and. added to a carbon tetrachloride 
soliition , of the, hydrocarbon underwater, the liquid ■ being cooled 
by means of ice.' By working in this way, a correction could be 
■made for, the small amount of hydrogen bromide formed as the 
result of simultaneous' substitution. The following ■ are the results 
of two .experiments : 

A, ' B. ■ 

' Substance taken ■ — ..... ■ 0*1 878' gram ■ 0* 1 348 gram 

■ ' B.romme uniting with hydrocarbon... 0*2264 „ ■ 0*1646 . . „ 

Both these ' nuni,bers are in close agreement with the. ' addition ■ .. 
of two atoms of bromine to .one molecule of the hydrocarbon. , 

'■ All ', these ■ ..results point .to. this . substance'. ■ being a ;■ c^'C^odibydro- '■', 
feerpene, ' and its properties appear^ to. suggest that it' may prove'. 'tO': ■■ 
b'S.-' identical;' 'with, ■ 'cycfedibydromyreene''' or' ..with. ' ..cyrloimaloolen'e'.. 
It may be of interest to give for purposes of comparison the physical 
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properties of c^c/odiliydroiiiyrceiie (Ber,, 1901, 34, 3128) -and of 
c^/cMinalooIene {Ber.^ 1894, 27, 2521) : 



Hydi’ocarbon 



from 

ci/cZoDihydro- 

c^/cfoLina- 


spinacene. 

myrcene. 

loolene. 

Moleeular formula 

tlioHis 

Cj0ilj8 


Boiling point 

170—175° 

169—172° 

166—167° 

Specific gravity 

0-815 

0-828 

0*811 

Befracti V© index 

1*459 

1-462 

1-460 

Number of atoms of bromine 
added 

Two 

Two 

Two 


Had time permitted, specimens of ci/cfodiliydroinyrcene and of 
c^rZoliiialooIene would liave been prepared for tbe purpose of 
making a fuller comparison. This I bope will be done at some 
future time. In tbe above work, steps were taken to make it quit© 
clear that this terpenic hydrocarbon was not formed by the action 
of. sodium on the small amount of oxygenated constituent occur- 
ring in the spinacene used. To this end, the spinacene, after; having ' 
been distilled over a considerable excess of sodium under 10 mm. 
pressure, was then redistilled over a further quantity of sodium 
under 40 mm. pressure. From the distillate, the terpenic hydro- 
carbon described above was separated by steam distillation. The 
recovered and unchanged spinacene was then for a third time dis- 
tilled over sodium under 40 mm. pressure, with the result that a 
further quantity of the terpenic hydrocarbon was obtained. There 
can, therefore be no reasonable doubt that this cycZodihydro- 
terpene does, in fact, result from the breaking up of the spinacene 
molecule. The view which I ventured to put forward in my first 
communication, that spinacene would prove to be related in some 
way to the terpenes,- is therefoi-e correct. The presence in large 
quantities in fish-liver oil of a complex hydrocarbon closely related 
to the terpenes is, I think, of very considerable interest both from 
the chemical and from the physiological points of view. In this 
connexion, it may be recalled that there is very strong evidence 
that cholesterol, a substance having nearly the same number of 
carbon atoms in its molecule as spinacene and occurring also in 
fish-liver oils, is a complex terpene compound. 

The second fraction obtained from the decomposition of spinacene 
was also a fragrant, tolerably mobile liquid, boiling at 109 — 115 *^/ 
10 inin., having an average'' molecular, weight of about 190 and a 
specific gravity at IS^/lS'^^O’SfiS and at 20 *^/ 20 ° = 0 * 865 . This, 
as well , as the viscous products' left , in 'the distillation flask,' which' '' 
doubtless'' . consist' of. polymerisation .' products 'formed , during .the 
.■process,' w,ill',.' it is '' 'hoped, ; bO' subjected later on to. , a further '.'.study,', '. 
Except' p'erhaps' iti' one .direction' in: which' results,, of' 'industrial 
■ VOK OXni'* ■ 'V,; ':,'17 ' ' 
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importance may be anticipated, th& further examination 
spinacene and its derivatives will have to remain in abeyance ■ 1111 tilv 
more normal conditions again prevail. 

I desire to express my thanks to Miss D. J. Minter and Mr. 
C. W. MoHugo for valuable assistance in connexion v/ith this work. 
8 Duke Stbeet, 

Aldgate, E.C.3. IBecewed, May 1918.] 


XL . — Metallic Derivatives of Alkaloids, 

By JiTENDBA Nath Eakshit. 

Having prepared the metallic derivatives of acid amides (T, 1913, 
103, 1557) it was thought that the metallic derivatives of alkaloids 
could be obtained by a similar method. The sodium and potassium 
derivatives of codeine and narcotine and the sodium derivative 
of cotarnine were obtained by boiling the alkaloids with the re- 
spective metals in benzene, and the calcium derivative of morphine 
was isolated from the solution of morphine in lime-water or from 
its alcoholic solution, prepared by titurating morphine with an 
excess of slaked lime in alcohol. Of the metallic derivatives, those 
of narcotine re<iuire special mention; there is no hydroxyl group 
present in the molecule, and there is no hydrogen atom attached 
to the nitrogen that could be displaced by the metals, as is gener- 
ally represented to be the case with basic or quasi-basic nitro- 
genous organic compounds. 

Sodium Codeine, 

A mixture of 200 c.c. of benzene, 5 grams of freshly cut sodium, 
and 10 grams of powdered anhydrous codeine was ' boiled ■ under 
reflux. At the beginning .of the experiment, a very faint 
ammoniacal odour was perceived' at the open end of the condenser, 
and , this ' continued until, the end of' the operation. 'Within ten 
minutes the ■ benzene turned brownish-yellow, and after , half an 
hour it became opaque. After, the mixture had boiled for ten 
hours, the pieces of sodium ' were covered with thin layer of a 
reddish-brown substance, and the boiling was' .discontinued. . On 
'c'ooliiig,,,,the contents of .the "flask -set to a ' viscous mas's .like brown 
Jelly, which was'' '.collected,; pressed between filter paper, and kept 
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over iiiglit in a desiccator over sulphuric acid, when it dried tc a 
browiiish-yellow powder : 

0-3537 gave 0-0800 Na = 7-32. 

CigHgoOgNNa requii'es ]Sra = 7'i8 per cent. 

Sodimn codeine is readily soluble in water, giving a brownish- 
yellow, turbfd solution which does not become clear by filtration, 
but the turbidity disappears on the addition of dilute hydrochloric 
acid, and the colour is also considerably discharged. It is soluble 
in alcohol, but insoluble in ether, benzene, or chloroform, and is 
specifically lighter than the last solvent. The compound is slightly 
deliquescent; on exposure to the air, it absorbs moisture and 
becomes viscid, but ^vhen left in that condition for a long time it 
does not appear to change. Its aqueous solution does not give 
any precipitate with Mayer’s reagent, but on acidifying the mix- 
ture, an immediate curdy, yellow precipitate is obtained. 

Fotassium Codeine. 

Ten grams of dry powdered codeine were dissolved in 200 c.c. 
of benzene, and the solution was boiled with 10 grams of potassium 
as before. The potassium melted and formed smaller shining 
balls, around which a brisk evolution of gas took place. As in 
the former experiment, a faint ammoniacal odour was always per- 
ceived at the open end of the condenser. Within an hour the 
benzene gradually assumed a reddish-brown colour, and soon after- 
wards red crystals began to separate. The boiling was con- 
tinued until a voluminous mass of crystals separated, which were 
collected, washed three times with boiling benzene, pressed between 
filter paper, and kept overnight in a desiccator over sulphuric 
acid. About 5 grams of the substance were powdered, added to 
50 c.c. of benzene, and the mixture was gently boiled for five 
minutes. It was then filtered whilst hot, and the residue washed 
three times with boiling benzene to remove codeine, being finally 
pressed between filter paper and dried in a desiccator over 
sulphuric acid : , 

0*6000 gave 0-1590 K 2 SO 4 . K =11-88. 

Ci 3 li 2 o 03 NK requires K = 11*69 per cent. 

Fotasdum codfeinc? dissolves in water, giving a clear solution; it 
is soluble, in alcohol, sparingly so' in ■■ chloroform, and insoluble' in 
■ether or benzene. ' , ' 

Sodium Narcotine. 

, , '"Five grams ' of .narcotine" were -..boiled with ,.200 .c.c,' .of benzene 
and' 5 grams o-f clean sodium'^'^ a' faint '■ammoniacal, odour, ,wa'S .pe-r-,' 
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ceivedy and the colour of the liquid became brown. After boiling 
for three daily periods of five hours each, some crystals were de- 
posited, which were collected, washed with hot benzene, pressed 
between filter paper, and kept overnight in a desiccator, when a 
reddish-yellow powder was obtained: 

0-4110 gave 0*7400 Na^SO^. hra=5-8,2. 

G 22 H 2207 Nl! 7 a requires Na = 5*41 per cent. 

Sodium narcotine is a non-deliquescent substance, readily soluble 
ill water to a pale yellow, transparent solution, which does not pro- 
duce any precipitate with Mayer’s reagent, except on acidification. 
It is soluble in alcohol or chloroform, and almost insoluble in 
ether or benzene. Kothing could be extracted from its aqueous 
solution by benzene or ether. When the solution was boiled, how- 
ever, a slight turbidity was observed, which increased on passing 
carbon dioxide; the precipitate was collected, washed, and dried, 
when it melted at 175^. Narcotine also separated in colourless, 
needle-shaped crystals when the solution was kept in an open 
flask for six or seven days, but the alkaloid was completely and 
readily recovered as a colourless, crystalline powder b}" dissolving 
the compound in ammonium chloride. It was collected, washed, 
dried, and recrystallised from benzene, when it melted at 175® 
and had all the properties of pure narcotine. 


Potamum Narcotine. 

In the preparation of other metallic derivatives, excess of the 
metals were used as a rule, but with the potassium derivative of 
narcotine considerable difficulty was experienced in obtaining the 
new compound free from unchanged metal. After a part of the 
reaction was completed, the molten potassium disintegrated into 
very small pieces, which were never completely separated from, the 
derivative, but became entangled with the, crystals of the new 
compound and did not settle down' separately ' when cooled. To 
avoid this difficulty, excess of the alkaloid was employed, and the 
unchanged narcotine '■ was ■ removed ■ by washing with benzene. 
Five grams of , potassium and 40 grams of narcotine were boiled 
with ,300 c.c. of benzene under reflux. Within an, hour the 
potassium, derivative ' began’’ to be deposited as a brownish-yellow 
powder. ' ' The boiling was continued for twelve hours, during which 
'period the .usual faint ammoniacal odour was' noticed; the 'mix- 
ture was filtered hot, and the 'precipitate' washed five times, with 
boiling' beiizene,' ,care being 'taken :,to keep it covered with liquid,' 
since thO' substance .rapidly absorbs- moisture, becoming nacreO'US,.' 
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and tken cannot be filtered; the compound also undergoes slight 
decomposition. The washing with hot benzenOj however, may he 
continued until the filtrate, ceases to give any residue OU' evapora- 
tion. The substance was pressed between filter paper and dried 
in a desiccator over sulphuric acid: 

0*1401 gave O'OSOl K 2 SO 4 . K=:16-00, 

C 22 TI 21 O 7 NK 2 requires K = 15'90 per cent. 

Bijmtasdum miTcotme is a bright yellow, crystalline powder 
readily soluble in alcohol, giving a turbid solution ; it dissolves 
in chloroform, is sparingly soluble in benzene, and insoluble in 
ether. On shaking its aqueous solution with benzene, only a very 
small quantity of the alkaloid was extracted by the solvent, but 
when the mixture was shaken with an excess of ammonium chloride, 
the benzene dissolved almost the whole of the alkaloid. The 
benzene solution was separated, washed, dried by potassium 
carbonate, and evaporated, when there remained a non -crystalline 
residue melting at 160°. Consequently, the substance thus 
recovered is not pure narcotine, as was the case with the sodium 
derivative. 

B odium Got amine, 

C'otarnine was prepared by oxidising narcotine with dilute nitric 
acid, a slight modification of the method described by Anderson 
1853, 86 , 187) being used. A mixture of 70 c.c. of 
nitric acid (D 1’4) and 200 c.c. of water was cooled to 15°, 26 
grams of crystallised iiarcotine were added, and the whole was 
shaken continuously until the alkaloid was completely dissolved, 
the solution being kept in a cool place overnight. The white 
crystals of opianic acid which had settled at the bottom were 
collected, and the cotarnine was precipitated from the filtrate by 
means of potassium hydroxide. The alkaloid' was well washed, 
dried in a desiccator over sulphuric ■ acid, and ' recrystallised from 
benzene, when it weighed 6 T grams. 

Ten grams of cotarnine, 5 grams of sodium, and 200 c.c. of" 
benzene . were heated under reflux ; after four hours crystals began 
to separate, and the boiling was continued for six hours, when ■ the 
mixture was set aside overnight for the complete precipitation of 
crystals. These were collected, washed three times with' hot 
benzene, pressed between filter . paper, and dried in a desiccator: '' 

, ' 0*0130 gave O'OIW , Na = 28*'0.' ' 

'Ci 2 Hii 04 NNa 4 requires 'Nas== 28' 30 per-cent. 

■■ yTetrmodium eoiarnme is a 'hygroscopic, bright.yellow,'' crystallme' 
powder, readily soluble in ' water, giving a clear ' Boluti 6 n,;';:solub'le 
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in alcokol or diloroform, sparingly so in ether, and practically 
insoluble in benzene. This compound showed a behaviour 
altogether different from that of the allied alkaloids in that its 
aqueous solution gave a precipitate with Mayer’s reagent, the 
amount of which slightly increased on keeping the solution for a. 
day or on acidifying the freshly prepared solution. When its 
saturated aqueous solution was treated with an excess of ammonium 
chloride, an immediate^ turbidity was observed, and on keeping 
overnight, a crystalline precipitate had formed. This was collected, 
washed, pressed between filter paper, and dried in a desiccator 
over sulphuric acid, when it melted at 132°. 


Galcimn Morfhinate., 

Morphine is well known to be soluble in lime-water, forming 
calcium morphinate, which was easily isolated by the following 
process. Thirty grams of pure morphine were triturated with 
6 grams of pur© calcium hydroxide, 100 c.c. of rectified spirit were 
added, the whole being well mixed for thirty minutes and then 
filtered. The pale brown filtrate was transferred to a shallow dish 
and kept in a desiccator over sxilphuric acid ; after two days, 
calcium morphinate separated as a shining, scaly, light powder. 
The product obtained by substituting water for alcohol was not 
so pure, and was much darker. The alcoholic product was com- 
pletely dissolved by alcohol or water, whereas the other left a 
slight residue, and a clear solution was only obtained from it by 
filtration. Consequently, the alcoholic product was assumed to he 
pure : 

0*2060 gave 0*0200 CaO. Ca = 6-93. 

(Cj 7 Hjg 03 N) 2 Ca requires Ca=:6*58 per cent. 

A quantity of the substance' was dissolved in iF j lO-sulphiiric 
acid, and the excess titrated .with . if /1 0-sodium carbonate, using 
methyl-orange as indicator. 

0*5, required 32*6 c.c. ^ of A/ 10-acid, whereas this weight of a 
.compound of the above formula requires 33*11 c.c. of if/lO-acid 
tO' neutralise both calcium and morphine. 

Calcmm morphinate is a brown,, non-deliquescent powder readily 
soluble in water or alcohol, sparingly so in chloroform, and'in- 
solubfe in ether or benzene. Its aqueous solution gives' the usual 
precipitate of morphine 'with ammonium chloride,; and with Mayer '’s 
solution' it gives, a precipitate only ■ after ' acidification., It is readily 
decomposed by carbonic acid, ''calcium carbonate ' and .morphine' 
being precipitated. ' ' 
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Til© investigation is being extended to the ' metallic derivatives 
of otiier alkaloids and to tbe study of the constitution of the com- 
pounds described above. 

The author desires to express his best thanks to the Besearch 
Fund Committee of the Chemical Society for a grant which has 
partly defrayed the cost of the investigation. 

Opium Factory, 

Ghaziporb, [Received^ April 1917.] 


XLL — Studies in Catalysis, Part IX. The Calcula- 
tion in Absolute Measure of Velocity Constants 
and Equilibrium Constants in Gaseous Systems. 

By William Cudmore McCullagh Lewis. 

In previous papers of this series (compare T., 1916, 109, 796 ; 
1917, 111, 457), expressions have been obtained, with the aid of 
the radiation hypothesis, for velocity constants and equilibrium 
constants as functions of temperature. In the expressions thus 
obtained, there occur certain proportionality factors which have to 
be determined by direct comparison with experiment. In the 
present paper an attempt is made to deal with the problem in a 
more complete manner by calculating velocity and equilibrium 
constants in terms of quantities, all of which have a definite physical 
meaning and may be determined, theoretically, without reference 
to the actual rate of the chemical reaction itself. 

On the basis of statistical considerations, J. Rice Brit. 

1915, 397) has deduced an expression for the reaction 
velocity and velocity constant in the case of a unimolecular reac- 
tion, that is, the spontaneous decomposition of a single molecule. 
The" assumption' made by Bice is that the rate of such a reaction 
is determined by the rate at which the molecules become active' in 
the physical sense. Active . mo'lecules, ■ in unimolecular' processes, 
have, therefore no real existence. .When, however, .we deal with 
multimolecuiar reactions,, it is conceivable ■ that active molecules 
exist, the 'rate of the observed reaction depending' on the number- 
of "collisions." per .second, -which take place between active .molecules 
of the, participating" substances. The, concept of active ^molecules 
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was first postulated by Arrhenius, but it is only within recent years 
that the differentiation between active and passive molecules has 
attained any degree of precision through the introduction of the 
concept of critical energy and critical increnaent. The most direct 
evidence of an experimental kind which we possess at the present 
tiine for the existence of active molecules is that afforded by the 
measurements of Baly and F. O. Bice (T., 1912, 101, 1475) in ill© 
case of the sulphoiiation of certain aromatic coinponnds. In this 
case, the ultimate chemical reaction is multimolecular, probably 
bimolecular. We may adopt therefore with some confidence the 
view that active molecules have a real existence in the case of 
multimolecular reactions. These active molecules differ from the 
remainder in respect of their internal energy, which is consider- 
ably greater than that possessed by an average molecule of the 
substance at the temperature in question. The fact that the 
critical energy is high means that only a very small fraction of the 
total molecules will be active at any moment. 

In the case of a bimolecular reaction, such as the decomposition 
of hydrogen iodide in the gaseous state, the fractional number of 
hydrogen iodide molecules which exist in the active state may he 
calculated hy the aid of the expression 

. . . . ( 1 ) 

where Fa denotes the number of active molecules, A the number 
of passive molecules or the total number of molecules (sine© Fa is 
very small compared with F ) ; F is the critical increment reckoned 
per gram-molecule, that is, the amount of energy which one gram- 
molecule of the substance must absorb in order to make it reactive, 
and B and T have their usual significance. ’ This expression is the 
familiar on© obtained on the basis of statistical mechanics for the 
'distribution of molecules in a field of force. The justification for 
its application to the present' case is. ■furnished by the following 
calculation of the velocity constant of decomposition of gaseous 
hydrogen iodide. 

;' In Bodenstein’s ' experiments CT cm., 1899, 29, 
295), one, gram-molecule was .present in 22*4 litres.. At 556"^' abs. 
"the observed velocity constant was 9*42 x the unit of time 
" being the minute. 0',n expressing the time in seconds and the 
,, concentration in gram-molecules per litre, the velocity constant 
'.becomes,' 3*517 X This number represents the fraction deconi-' 

posed' per second at unit concentration. 

We, have now to calculate ' the velocity constant on the basis' of 
■ the concept" of .active '■ m,olecules', the ; equilibrium ■ ', concentration of 
which is assumed , to be given at all stages of the* observed reaction 
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by equation ( 1 ). From tlie temperature-coefficient of tlie reac- 
tioiij it is calculated tlaat the critical increment per gram-molecule 
is 22,000 cals. Hence, employing equation (1), it is found that tlie 
fraction of one gram-molecule which exists in the^ active state at 
556^ ahs. is 2*218 x 10“^. If there is one gram-molecule of 
hydrogen iodide present in 1 litre, then this number represents 
the fractional number of active molecules. Since there are 
6‘1 X 10 ^^ molecules in one gram-molecule, the actual number of 
active molecules per litre is 1*35 x 10 ^^, or 1*35 x lO'^^ p 0 ;^. ^ 

On the kinetic theory, the number of collisions per c.c. per second 
between like (active) molecules is given by the expression 

J2 . IT . cr^ . U , Na^ 

where Wa is the number of active molecules per c.c., u the mean 
velocity of translation per molecule, and or the distance within which 
two molecules approach one another during a collision. Physical 
theory has not yet succeeded in defining <r with precision, beyond 
the fact that it is of the order of magnitude of the radius or 
diameter of the molecule. Such being the case, w© shall take a 
mean value, 2 x 10 -® cm., and employ this in all cases examined. 
Naturally, this will introduce a certain error into the results, but 
its magnitude will not affect the general question of the verifica- 
tion of the method of treatment adopted. 

In the case of hydrogen iodide at 556^ abs., w = 3*3 x 10^ cm. per 
second. The value of Na we have already calculated to be 
1 * 35 x 10^2 pej. Q Hence the number of collisions per c.c. per 
second between the active molecules is 1*065 x 10^^, or the number 
of collisions per litre is 1*065 x 10^^. At each collision between 
active molecules, two such molecules react. Henc© the number 
of molecules of hydrogen iodide which react per second per litre 
is 2*13x10'^^. Expressing this as a fraction of one gram-molecule, 
we obtain 2*13x10^^/6*1x102^^=3*5x10-^. This should be the 
velocity constant of the reaction expressed in gram-molecules per 
litre per second. The observed value is 3*617 x The agree- 

ment is very satisfactory, especially ■ in view of the possible error' 
in cr. This calculation serves to substantiate the concept of active 
molecules defined in the above sense. 

The foregoing calculation may be carried out in a somewhat 
different manner which leads directly to the differential 'equation' 
expressing the reaction velocity. Thus 'the number , ol' molecules 
which react per c.c. per second is given by: 

2 j2TrarhlNa^. 

This, is, the, most direct means of' obtaining tli© critical increment. It, 
may also be obtained from the position of the effective absorption ''band in 
the spectrum' of the, substance provided the data are available. '■ 

" IF* , 
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Hence the number ol molecules which react per litre per second is 
given by: 

2000 ^2ir(xHNa^. 

Na is the number of active molecules per c.c. Hence the number 
of active molecules per litre is 1000 Na- If number of 

molecules in one gram-molecule, the number of active gram-mole- 
cules per litre is 1000 N^INq. ■ If we denote this by 6^,, then 
Wa = ^^QO a 1 1000, or jW. Hence the number of mole- 

cules which react per litre per second is : 

2000 j27r<ThcNo^Ca^llO-^ 

The number of gram-molecules which react per litre per second is 
I/iVq of the above quantity. That is, the number of gram-mole- 
cules which react per litre per second is 

2Q00J2w<rHN^Ca^jl0\ 

From equation (1), it follows that where 0 is the 

total concentration or number of gram-molecules of hydrogen 
iodide per litre. Hence the rate of the observed reaction is given 
by: 

-- « 540 X 1021 . (t 2 . / e" 

But the ratet - 

where ^ob*. is the velocity constant experimentally determined. 
Hence, (in gram-molecules per litre, per second) 

= 5-40 X 1021. 0-2. .... (2) 

By making use of the concept of active molecules, we can calcu- 
late the velocity constants of decomposition of hydrogen iodide 
over the temperature range corresponding with Bodenstein^s 
observations. The following table contains the calculated and 
observed velocity constants expressed in gram-molecules per litre 
per second. 

Decomposition of Hydrogen Iodide, 


Fraction of 
one gram- 
molecule in 


:TI 


the active 
state 

e-WlRT, 

h calculated 
[equation. (2)]. 

556® 

3-,30 

2-218x10-“ 

4*898 xlO-i* 

3-5 X 10-’ 

575 

3-366 

2-704 X 10-» 

1*820x10-1’^ 

1-319x10-“ 

629, 

■.3-510 

2-244 X 10- » 

5*012x10-1® 

3-800x10-“ 

647 

3-559 

3-656x10-“ 

1*318x10-1® 

10-23 xl0-“ 

666 ' 

'3*612 

6-970x10-“ 

3*548 X 10-1® 

2-768x10-“ 

683 

■ '3*667, 

8-995x10-“ 

8*128x10-1® 

6-421 X 10-0 

'700 

3-702 : ', 

1-337x10-’ 

1*778 X 10-1^ 

1-422x10-“ 

716 

,3*744 

1-906 X 10-’ 

3*548 Xl0-i« 

2-87 x l0-“ 

"7,81 ', 

3*91"2'',' 

6-918x10-’ 

4*786x10-1® 

4-04 xl0-“ 

iOOO^ 

■,t4*42,,' 

1-646x10-“ 

2*371x10-1® 

22-63 


& observed. 
3-517 X 10-^ 
L2l7xl0“« 
3-02 xIO-® 
■8-587x10-® 

2- 195x10“^ 
■5-I15xlO*“« 
M57X10-® 
2‘501.x 10-® 

3- 954x10-^'" 
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Th© agreement between tbe observed and calculated values is 
satisfactory. The number of active molecules per c.c. rises from 
r35 X 10^2 at 556° abs. to 4*22 x at 781° abs. Furthei\, it is 
seen that at 556° abs., when the total concentration is one gram- 
molecule per litre, the ratio 

number of effective collisions per c.c. per second _ 1*065 X 
total number of collisions per c.c. per second 2*18 x 10^^ 

= 4-9xl0-'l 

By the term effective collision is meant, of course, the number of 
collisions between active molecules. This ratio is seen to be an 
exceedingly small quantity. This quantity may be called coii- 
veiiieiitly the ^ chemical efficiency ' of the reaction, since it denotes 
the number of chemically effective collisions expressed as a fraction 
of the total number of collisions in the same time. This quantity, 
as we would expect, increases rapidly with the temperature. Thus, 
at 781° abs., the chemical efficiency of the reaction considered is 
4*8 X 10"^^. At a very high temperature, the upper limit of the 
efficiency, namely, unity, should be attained theoretically. This 
temperature must be such that the quantity shall be unity. 

At 2000° abs., the value of would be 3*9 x lO-^, and there- 

fore the number of active molecules per c.c., when one gram-mole- 
cule is present in one litre, is 2*38x10^^. The chemical efficiency 
is therefore 1*5x10"^. We conclude, therefore, that over any 
temperature range amenable to experiment in the above reaction 
the chemical efficiency will be a small quantity. 

Bodenstein (Joe. dt.) has also measured the velocity of union 
of hydrogen and iodine, and has shown it to be a bimoleeular reac- 
tion. From the temperature-coefficient, it is easily calculated that 
the sum of the critical increments per gram-molecule of hydrogen 
and of iodine is 40,000 cals. This quantity is the analogue of the 
term 2.N in the case of the bimoleeular decomposition of hydrogen 
iodide. The quantity 40,000 cals, is made up of two terms, 
namely, the respective increments of hydrogen and iodine, but at^ 
the present stage we do not know each of these^ terms separately. 
This is unnecessary, however, for the immediate object in view. It 
may be noted that the critical increment here referred to is not 
the critical increment of complete dissociation of hydrogen, and of 
iodine into the; atomic, state.’ It. will' be, shown later that the total 
energy necessary to effect complete dissociation of one gram-mole- 
cule of ■ hydrogen , and the' same mass of iodine, is (87, 000;+ 41,000),' 
or 128,000 cals. The quantity, 40,000 cals., corresponds with a 
'partial' activation, or,,, polarisation' of,, the hydrogen and, iodine' '.mole- 
cules ■ sufficient to allow them to react on collision.'' The,,; partly 

D* t' 
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activated molecules have a real existence, tlie system being quit© 
aBalogous to the partly activated molecules of liydrogen iodide. 

On the kinetic theory, the number of collisions per second per 
c.c. between two unlike molecules is given by the expression : 

TV , . N-^ , N2. -f 

where a- is the average distance to which the molecules approach 
during a collision, Uy and % are .the mean velocities of translation 
of the two kinds of molecules, and and are the number of 
active molecules of each kind present in unit volume. The value 
2 X 10 is assigned to cr. Following the same line of argument as 
that employed in the deduction of equation (2), we find that the- 
binaolecular velocity, expressed in gram-molecules per litre per 
second, is given by: 

- dCjdt - 3*8 X Xo-^x Ch, . Oj, . ^-“40,000//^’ 

^W.-S-BXlO^^Xa^X + (2a) 

The following table contains tbe values of the velocity constants 
calculated by means of equation (2a) and those observed by Bodeii- 
steiii. 


Union of Hydrogen and Iodine. 


T abs. 

Wtq® q- tij 
X 10-* “ 

e-40,ooo/i?r 

Ic calculated by 
equation (2a). 

h observed. 

55^° 

26-5 

1-862 X 10-“ 

7-39 X 10-5 

4-44 X 10-5 

620 

28*2 

i‘23 X 10~i^ 

5-19 X 10-5 

2-26 X 10-5 

666 . 

29-0 

7-24 X 10-i* 

3-14 X 10-5 

1415 X iO-5 

700 

29-7 

3-16 X 10“^® 

14-0 X 10-5 

642 X 10-5 

781 

314 

6*31 X 10~i* 

■ 2-97 

1-336. 


The agreement between observed and calculated values is 
moderate. The co,iicordance is evidently limited mainly by the 
degree of approximation in the value taken for a*. In general, the 
theoretical basis upon which the calculations are founded may b© 
regarded as justified.'^ 

Stegmiiller {Zieitsch. Elektroehem., 1910, 16, 85) has measured, 
by an ©lectroinotive force method, the equilibrium' constant of the 
hydrogen iodide reaction at much lower temperatures than those 
with which Bodenstein's measurements correspond. By employing' 
equations (2) 'and (2a), it should be possible, to calculate the equil- 
ibrium, constant 'at any temperature pro'Vided the. gases do not 
deviate se.riously from The perfect gas. The following table, con- 

■" *, From th©' above data it iS 'foimd that 'by setting <r = 1-34 x I'O”® cm. 
the, calculated and, observed values of the -'velocity 'constants .become nearly 
identical* ■ ' ' TMs value .has been employed in tlie table dealing' W'ith ' Steg* 
inUller’s results'. ■ 
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tains the values so calculated and those obtained by Stegniiiller. 
Stegmiiller^s values have been recalculated to give the equilibrium 
constant in the form Ohj x The velocity constants are 

expressed in gram-molecules per litre per second. 


BquiUbrium Constant of the Hydrogen Iodide Eeaction at Low 

Teiii'peratures. 


T abs. 
304-6° 
328-2 
354-6 


Biniolecular 
velocity 
constant o( 
dec omp o si ti on 
(equation 2). 

1- 356 X 10-21 

2- 62 X 10“^^ 
4-123 X 10-^7 


Bimolecular 
velocity 
constant of 
union (equa- 
tion 2a) 

(0-=^ 1-34 X 10-8) 

2- 51 X 10-^8 

3- 0 X 10-18 
2-98 X 10-11 


Eqidlibriiuii 
constant 
calculated. 
5-4 X lO-'i 
8-7 X 10“^ 
14 X 10-^ 


Equilibrium 
constants 
Stegmiiller» 
11-9 X 10-^ 

20-3 X 10 1 

38-3 X 10 1 


The calculated equilibrium constants are between one-half and 
one-third of the observed values. Closer agreement is obtained in 
other reactions, considered later. As illustrated in the above table, 
we are able to calculate with a moderate degree of accuracy the 
velocity constants of the opposing reactions, quantities which, owing 
to their exceedingly small magnitude over the range of tempera- 
ture considered, could nob be determined experimentally. 

So far, we have dealt with reaction velocity in gaseous systems 
from the point of view of molecular statistics. We have now to 
consider it from the point of view of the radiation hypothesis. 

W© have seen already that the critical increment of the bimole- 
ciilar decomposition of hydrogen iodide is 22,000 cals, per gram- 
molecule. On the radiation hypothesis, this energy is supplied by 
quanta, where Nq is the number of molecules in one gram- 
molecule, h ' is Planck's constant, and v the ' frequency of the 
efiective radiation. It is easily calculated that. the required fre- 
quency is 2*33 X 10^^, or A==1*3 /jl, in- round numbers. If the a.bove 
reasoning is correct, gaseous hydrogen iodide should exhibit an 
absorption band at this wave-length, especially if the gas b© heated. 
'The author is unaware of -any expe-rimeiital data bearing on this 
point. , 

' On'' the basis of the 'quantum theory, Planck has considered the 
problem of the relatio'ii of emission to non-emission by an oscillator; 
(compare. Planck, ''Theory of' Heat Radiation,-’' English;' trans.,' 
p.- 164). According to Planck, -the ratio. of the probability that 
no emission takes place., to' 'the -probability that emission does .take- 
' place is . proportional ' to .the. radiation density . of the . frequency 
'V. ' The' .ratio is given' by the, expression 'p'. 'f/,,. '-..'.The ' factor p'-'is-- 
shown to be .identical with- the '"expression c^/.8'rA'?i.M,'.'''':‘where' c - is 
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til© velocity of light in a vacuum and n the refractive index of 
the system for the frequency v. For gaseous systems, u is prac- 
tically unity. It will be observed that the probability that no 
emission takes place is inversely as the cube of the frequency. So 
long as no emission takes place, the energy of the oscillator, and 
therefore of. the whole atom or molecule containing on© or more 
oscillators, remains high. Such a molecule will correspond with 
an active one in the chemical sense. It is reasonable, therefore, to 
apply Planck^s principle to a case such as the decomposition of 
hydrogen iodide and write, 

the number of chemically active molecules in existence 

, — . ™ ^ 

the number of passive molecules ^ ‘ 

Since the number of active molecules is exceedingly small, the 
number of passive molecules is practically identical with the total 
number present, or, employing the symbols used previously, 


Na/N-p .u^. 


This relation expresses the fact that the higher the radiation density 
the greater is the number of molecules in the active state. We 
may also write this expression in the form: 

Fraction of one gram-molecule in the active state = 

Further, for the short infra-red, visible and ultra-violet regions, 


Hence, 


p . Up « Q-NakvlRT 


or the fraction of one gram -molecule in the active state 
But Fo/jv=/iVthe critical increment per gram-molecule. Hence, 
the fraction of one gram-molecule in the active state 
which is the expression already obtained ^ on the statistical 
mechanical basis, and verified, by the ■'experimental data. We are 
'‘justified, therefore, in making ■ the assumption ^ that ■ the chemically 
active fraction of each gram-molecule of hydrogen iodide is given 
by the expression p.ti^. This should hold good for any substance 
which reacts in the bimolecular, or in general the multimolecular 
nianner. It is only in such cases that' active molecules have any 
real.' existence, , In the case of unimoleciilar reactions, active 
molecules.' do' not exist', as siich. , 

■' ' In , a bimolecular reaction, of the type considered, if C denotes 
the total number of , gram-molecules' in a given volume, say 1 litre, 
then' th©;, number,: of active gram-molecules .in the same volume 'may' 
'."be'expressed'by' 
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On the purely kinetic basis, we have seen that the rate of reaction 
between like molecules in a bimolecular reaction per litre per 
second is : 

- dGIdt - 5-4 X lOai 

The term 6'^ . e-^^i'RT jg evidently identical with 0^ . so that 

the rate of reaction may be written, 

- dGjdt - 5-4 X 1021 . 0-2 . . 02 . 

That is, the rate of the observed bimolecular reaction depends on 
the square of the radiation density, a conclusion which is in agree- 
ment with the assumption made in earlier papers in connexion with 
bimolecular reactions. The advantage of the present mode of 
treatment is, however, that all the factors which go to make up 
the observed velocity constant are calculable quantities. It is 
evident that the observed velocity constant, expressed in gram- 
molecules per litre per second, for a bimolecular reaction involving 
like molecules is given by: 

=5*4x1021. 0-2. w.p2. 

or 

= 5*4 X 1021 . 0*2 . 

It is obvious that differentiation of this expression with respect 
to temperature yields the well-known Arrhenius equation as a first 
approximation. 

In a bimolecular reaction such as that considered, the function 
of the radiation of the absorbable type is to maintain a certain 
number of molecules in the chemically active state, a state which 
means high energy content. The number of active molecules at 
any moment is the difference between their rate of production and 
their rate of disappearance. Their rate of disapi>earance is due 
to retransformation of some into the passive state, and at the 
same time the transformation of others in the ordinary chemical 
sense into the resultants. It is simply the number of active gram- 
inolecules in eaoisteynce dX any moment which has been written 
as The actual rate of production of active molecules 

per second is a quantity necessarily much greater than this. An 
attempt will now be made to estimate this rate. 

In the case of hydrogen iodide at a concentration of one gram- 
molecule per litre at 556*^ abs., we have seen that the number of 
active molecules maintained by the radiation in the active state 
per , litre ■ is' 1*35 x 10^'^; The number of . active molecules which" 
react per second ' per litre is 2*13-x.l0^'^. If 'we .denote, by 'the 
rate„ol production: of active ^molecules '.per .second 'per, litre, by./i^g: 
the rate of' chemkah. reaction (2'13'X'IO^^),.' andvby the rate; at 
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which active molecules are retransformed into passive molecules 
per litre per second, , we have the relation: 

In order to maiiitaiii the active molecules and allow for the rate 
of the observed reaction, the minimum rate of production of active 
from passive molecules is ]> 2*13 x The tr4i© rate inay^ how- 

ever, be much greater than this lower limit. It is evident that the 
rate of production of active molecules must depend on the; radia- 
tion density u,, but it is evident the rate is not given by the ex- 
pression . p . for this would only account for a production of 
1*35 X active molecules per second from one gTam-molecule. A 
quantity having a higher numerical value than Nq is 
required. The terms and would be expected to remain un- 
altered, and we are limited to some function of , It will be 
shown later, in connexion with the dissociation of iodine, bromine, 
and chlorine, that the experimental values can be accounted for 
if we assume provisionally that the required function is 
With this assumption, the rate of production of active molecules 
from one gram-molecule is iTq . 10^ . Since itself can be 

written as our assumption means that the rate of pro- 
duction of active molecules is given by 10^ . or 

10® .Ao. y . This expression should be the correct -one for 

any spontaneous unimolecular reaction, for in such a case the 
process of activation is identical with the chemical reaction. That 
is, the velocity constant of a unimolecular reaction should be 
given by : 

, We shall now apply this expression to the calculation of the rat© 
of production of active molecules of hydrogen iodide. The term 
is given by, and' .since, for the process considered,, 

^ = iF'Q/iv = 22,000 cals, per gram-molecule, the frequency v must be 
: 2*33 X, 10^^. Further, ' the system' is gaseous, and therefor© the 
refractive index' is. practically, unity. .Hence 1*307 x 10^®. 
.'Hence, the number of active mo'lecules produced per second from 
on© gram-molecule of ' hydrogen iodide at 556*^ abs. =6*1 x 10^® x 
".■l,‘307 x 10^® X 2*218 X 1*768 X 10-®.. Tf we divide, this number 
:;:by^,.6*i X 10®®, we obtain the fraction of one gram-molecule activated 
- per ...second, A rate of ■ this magnitude is quit©' possible' in the 
sense ■ that it .is sufficient to.. account for the observed .rate of the' 

' ■ .♦ This, function' will be dealt with in a later'paper, in 'which an alternative 
.,'exprmsiQn,..havmga'simiIar numerical value, but possessin,g 'a more precis© 
physical significance,' will be given.- 
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biiiioleciilar reaction, and likewise for the maintenance of the free 
active molecules. Since tlie rate of production of active molecules 
is considerably greater than tbe sum of tlie two effects just men- 
tioned, it follows that tbe rate at whicli active molecules are re- 
transformed into passive is likewise of the order 10^®. If tliese 
extremely bigb opposing velocities exist, we are led to the con- 
clusion that the equilibrium between active and passive molecules 
is attained practically instantaneously. This is in agreement with 
experience, but, • of course, "such evidence is very inconclusive. 
Quantitative evidence is. furnished by the calculation of the equil- 
ibrium constant in the case of the dissociation of iodine, bromine, 
and chlorine. This will be considered later. 

Whilst the ordinary thermal decomposition of hydrogen iodide 
is a bimolecular process, Bodenstein has shown (Zeitsch. ^^hysihal. 
Chem,^ 1907, 61, 447) that the photochemical decomposition is 
uiiimolecular. In this case, the process is the decomposition of 
hydrogen iodide molecules into atoms of hydrogen and iodine. 
This is effected by short waves. That is, the process of completely 
decomposing the hydrogen iodide molecule is a much more difficult 
one to carry out and requires a greater size of quantum than is 
required simply to displace the atoms somewhat with respect to 
one another inside the hydrogen iodide molecule, thereby permitting 
the biniolecular process to take place. In Bodeiistein's experi- 
ments on the photochemical decomposition, the hydrogen iodide 
was exposed to bright sunlight in glass vessels. Berthelot and 
Gaudechon (Gompt. rend.y 1913, 156, 889) find that hydrogen 
iodide is decomposed by blue or violet light. More precise know- 
ledge is wanting, but it is evident that the active wave-length is of 
the order 450 or v = 6*66xl0i^. That is, the critical incre- 
ment per gram-molecule of hydrogen iodide for the uiiimolecular 
decomposition is 63,000 cals, in round numbers. It will be shown 
later that a more exact value for this quantity is 66,000 cals. This 
is just three times the increment for the bimolecular reaction. . The 
■bimolecular reaction takes place, therefore, more readily, since a 
molecule' will oftener possess the energy corresponding with thaii' 

: the, energy corresponding with ■ This unimolecular ’ process, ''must 
take, place, however, as a,, th6r.mal effect' along' with the bimolecular 
process, for, ■ at any temperature, the radiation density, ' even'', at 
' cannot be, entirely wanting.' Since, however, the"' 

"■ radiation,' density diminishes rapidly as; the frequency increases' 'from: 
the short infra-red into th©' ultra-violet, the unimolectilar' ,reactioii, 
compared ,, with' the bimolecular, w'ill xemam, negligible until very 
high 'temperatures are 'reached.,'.''' .'On the basis,, of the considerations 
already 'd'eve'lope,d',, J,t, is' q.uite'' possible to calculate what this uni- 
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molecular decomposition velocity amounts to at any temperature. 
TliiiSj the rate of unimolecular decomposition of hydrogen iodide 
per gi'am-molecule is given by 10^ . Nq. f . where 

p=4*66 X 10^^. At 556^ abs., this rate should be 3*12 x mole- 
cules per second when one gram-molecule is present initially. 
Hence the unimolecular velocity constant=10^ . P' . is 

5*1 X It will be observed that this is a small quantity com- 

pared with the bimolecular velocity constant (3*5 x 10“'^) under the 
same conditions. At 781® abs., the unimolecular velocity constant 
is 1*54x10“'^, whilst the bimolecular constant is 4*0 x 10“". The 
conclusion that the unimolecular decomposition is small compared 
with the bimolecular over the range examined by Bodenstein 
(556 — 781® abs.) is in agreement with the fact that the bimolecular 
formula holds good. We can easily calculate the bimolecular 
constant at 1000® abs. by the methods already employed at lower 
temperatures, the value obtained being 22*63. At the same 
temperature, the unimolecular velocity constant is calculated to be 
1*73. At 1200® abs., the unimolecular constant is 435, whilst the 
bimolecular is 998. It is evident, therefore, that at a temperature 
somewhat above 1200® abs., the two types of decomposition will 
occur at the same rate. At this temperature, therefore, the 
bimolecular formula would be expected to break down. 

We now turn to the consideration of unimolecular dissociation, 
such as that of iodine in the gaseous state into atoms. From the 
known behaviour of nascent atoms, it may be inferred that their 
normal state in respect of energy content is sensibly identical with 
the critical state, so that the exponential term in equation (2) con- 
taining the critical increment reduces to unity. Let Cu denote 
the equilibrium concentration of loidissociated molecules of iodine 
expressed in gram-molecules per litre, and (7i the equilibrium con- 
centration of the iodine atoms in the same units. The rate at 
which the molecular ■ species, dissociates' is ■ then given by 
Cu . 10^ . jp . or Cu . 10^ . p . In an earlier paper (T 

191/, 111, 1086), the value 41,000 cals., per gram-molecule, has 
been assigned to the critical "increment of iodine. The correspond- 
ing frequency v is 4*3 x 10^ or A = 700/4/i. Hence p = 

2*08 X 1012 At T=:1073 (^® = 800®), the term e"^/^^ = 4*385 x 10“^^. 

' Hence the /rate' of dissociation, expressed in gram-molecules . per 
litre per second, is Cu x lO^ x 2*08 x IQis x 4*385 x 10“^ = 9*16 x lO^V 
The '.number 9'16,x 10® is the unimolecular velocity constant of' dis- 
sociation. ■ The rate- at , which ..the atoms combine ' is . given by 'the 
.'total collision frequency,, for "iU' the case considered, the atoms 'are 
.''all 'actiy.e and .every' collision is'.efect.ive. '.^ '., .Bince there 'arc Cf gram- 
atoms . .per. ' li.tre, the actual -nuniber' ■ of' ..atoms per c.c,'.^'.is 
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X 6*1 X 10^®, The collision frequency per c.c. per second is 
\f2 . -r . . cr^ . (7^2 X 37*2 X 10^®. The average velocity of translation 

u of one iodine atom at 1073° ahs. is 4*6x10'^ cm. per second. 
Taking <x as 2x10""® cm., the number of collisions per c.c. per 
second is 3*031 x 10®^ . Gj?. The number of atoms which combine 
is just twice this quantity, namely, 6*062 x 10®^ . C^. Hence the 
number of ,^mw-atoms which combine per second per litre is 
9*94 x 10^® . (7i2. Alternatively, using equation (2) and writing 
the exponential term as unity, we arrive at the same result. It 
follows that 6^i^/t7« = 9*16 x 10^/9*94 x 10^® = 9*2 x 10“®. Bodeiistein 
and Starck (Zeitscli, Elehtrochem.^ 1910, 16, 961) have measured 
the equilibrium constant, at 1073° abs., with the concen- 

tration expressed in gram-molecules per litre, the value obtained 
being 1*29 x 10 The calculated equilibrium constant agrees well 
with the observed value. Again, consider the dissociation at 
1473° abs. The value of is 8*166 x 10-7. Hence the rate 

of dissociation in gram -molecules per second is 
2*08x1015x8*166x10-7 (7,,. 

From equation (2), taking cr as 2x10-® and w = 5‘38 x 10^, we get 
for the rate of union of the atoms, expressed in gram-atoms per 
litre per second, the value 1T4 x lO^ x G^', Hence 

Gi^jGu = 1*699 X 109/1*14 x 10ii = 1*49 x 10-2. 

The observed equilibrium constant is 1*02 x 10“2. 

The foregoing considerations, which are based partly on mole- 
cular statistics and partly on tbe quantum theory of radiation, allow 
us to calculate with a moderate degree of precision not only the 
equilibrium constant of a dissociation of a molecule into atoms (a 
quantity which is amenable in general to experimental determina- 
tion), but likewise the separate velocity constants which, owing to 
their great magnitude, cannot be measured directly. The table 
on p. 484 contains the values of the equilibrium constants and the 
velocity constants in the above units for the dissociation of iodine 
over the range of temperature investigated by Bodeiistein and 
Starck. 

The agreement between the calculated and observed equilibrium 
constants' is satisfactory. This affords considerable support for the 
■ assumptions made as regards the' velocity ■ constants. ,It. ,fflay:':he 
pointed' out that the term in this case does not represent ', 

the number of the active molecules of ' molecular iodine. ' No, active', 
molecules' exi,st apart from the. atoms. The conditions': obtaming.: 
are .quite, distinct from those met- with' in the,' case' of the bimolecular.- 
d-ecomposition of. hydrogen '-iodide.- ' 

Bodeiistein 1916., 22',, -32-7) .has measured. 
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tlie dissociation constant of gaseous bromine between 800® and 
1200®. H-e finds tliat tbe equilibrium constant, expressed in partial 
pressure terms, is given by the expression.: 

log Zj., = 10100/ T + 1 • 75 log T - 0*000409^ + 4*726 x 10 - 8^2 + o-548 . 

Furtber details are not given in the abstract, which alone is avail- 
able. At 1000® abs., this expression gives log = 5*336, whence 
the equilibrium constant expressed in gram-molecules per litre, 
is 2*64 X 10-7. 

All attempt will noiv be made to calculate this equilibrium con- 
stant. The critical increment E per gram-molecule of bromine is 
not known with accuracy (compare T., 1917, 111, 1086). It may 
be taken to be of the order 50,000 cals. The corresponding fre- 
quency v = 5*3xl0^h Hence p=l-lxl0^2 and 
^-£?/Rr = 1.175xi0"H 

At the equilibrium point, the rate of dissociation of the bromine 
molecules is 10^ . p. 6’,, e-^?/i2y = 103 x 1*1 x 10^2 x M75 x lO-^^x 
Cis = l*29 X lO^C^ti, where 1*29 x 10^ is the calculated unimolecular 
velocity constant of decomposition and Cu is the number of gi'am- 
molecules per litre. In dealing with the union of the atoms, we 
shall again make the assumption that the atoms are all active. At 
1000® abs., the average speed u of a bromine atom is 5*6x10'^ cm. 
per second. Setting cr = 2*0xl0“8 cm., and employing equation 
(2), we obtain for the rate of union of the atoms per second per 
litre the value 1*21 x where the numerical coefficient is th^ 

bimolecular velocity constant. The equilibrium constant is there- 
fore given by 6^/(714 = 1*29 x 10^1*21 x IQii- 1*0 x 10-7. This 
agrees satisfactorily with the observed value when we consider the 
possible error in o- and in 

The dissociation of chlorine has been measured by Pier (Zeitsch. 
plrijsikal, Ohem.j 1908, 62, 417), but the values appear to be much 
less, accurate than those of Bodenstein in the case of bromine and 
iodine. Thus, the heat of , the reaction when calculated from 
successive values of the equilibrium constant varies in quite an 
unexpected manner with the' temperature. As the .possibility of 
error seems to be less in the higher temperature range, we shall 
restrict ourselves to this region. Thus, at 1940® abs., the observed; 
degx'ee of dissociation of chlorine is 0*0157, the pressure being 0*5 
atmosphere. Hence. Zc = ^«j^/(1 =. 7*8 x 10-7. The , critical 
increment ■ of chlorine is taken to be 86,000. cals, per gram-molecule. 

^ In the paper .referred to, Z for bromine was taken to be' 57,000' cals, 
per gram-molecule. Employing the value 60,000 cals., the calculated' heat 
of formation ,of. potassium.' bromide , is . in. rather better . agreement, ' and ' the 
heat of formation' of silver bromide in rather worse agreement withthe'..corre-.' 
sponding observed value ' than are the mumbers- given in 'the' f ormer 'paper 
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(compare T., 1917, 111, 1086). Hence at 1940® abs., 
^-2?/aT~2-014 X 10~^®. The frequency v == 9*1 x 10^^» Hence 

p=2*2xl0^^. At the equilibrium point, the rate of dissociation 
of cHoriii© is consequently 4*43 x lO^C^.^^, where 4*43 x 10^ is the 
iiiiimolecular velocity constant expressed in gram-molecules per 
second. The average speed ‘U of a chlorine atom at 1940® abs. is 
8*3 X 10*^ cm. per second. Taking o- as 2*0 x 10"*® cm., and using 
equation (2), we obtain, for the rate of union of the atoms, 
1*793 X i0^^(7i^, the velocity constant being expressed in gram- 
molecules per litre per second. Hence the equilibrium constant, 
should be 4*43 x lOVl-793 x or 2*47x10-7, It will 
be seen that the calculated and observed values of the equib 
ibrium constant are of the same order of magnitude. The results 
obtained in the case of the three halogens, iodine, bromine, and 
chlorine, afford a considerable amount of evidence in favour of the 
theoretical treatment employed. 

In the type of reaction just considered, namely, the dissociation 
of a molecule into atoms in the gaseous state, the position of equil- 
ibrium is given by the relation : 


or 


108 .p . ^^mT , On- 5*40 X 1021 . ^2 ^ , QS 


K^C VC - 

6-40x1021. 0-2. 


( 3 ) 


where the concentration is expressed in gram-molecules per litre. 
In a gaseous sj^stem p* may be written as l*6xl0^®/v^, where v is 
the frequency of the radiation responsible for the dissociation 
process. For a given substance, v is 'a constant independent of' 
temperature so long as the mechanism of the process remains the 
same. We can write the above expression in the form : 
log A- log + log lOA j)/5.40 X 1021 ^ 

The final term on the right-hand side is analogous to the integra- 
tion .constant which occurs in -the thermodynamic, treatment of 
i,nass-action equilibrium. In the present' case-,, however, the. final 
term is calculable quite apart from the reaction itself. ■ On differ- 
entiating ' the above expression with respect to temperature, ' we 
obtain : 

dlogKjdT=:U/BT^-dlogu/dT. 

The mean .velocity of ' translation of an atom (which has been taken 
as practically identical with .the - root-mean-square-velocity), is pro- 
portional . to- the square r oot of th e absolute ' temperature, , u ' being 
given by the. 'expression, hJZETjM^ where ".iff is, the gram-molecular 
■weight„of .-the -atom. . Hence ■ ■ 

.dlog'KldT^(E-^lJ2...BT} 
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The te'rm (lj2)MT is, in general, small compared with and there- 
fore the critical increment in. the case of reactions of the above 
type is practically identical with the heat of dissociation at constant 
volume. This is the assumption which has been made in the fore- 
going treatment. If ~ denotes the heat absorbed at constant 
volume per gram-molecule dissociated, we obtain the vaiiT Hoff 
isochore from the above expression. For the type of reaction con- 
sidered, the exact relation between the critical increment and the 
heat of the reaction is given by : 

= ...... (4) 

We are now in a position to deal with the dissociation of 
hydrogen. Langmuir (/. Amer. Chem. Soc., 1915, 37, 417) finds 
that the heat of dissociation at constant volume at 3000^ abs. is 
84,000 cals, per gram -molecule. Hence, from equation (4), we 

obtain 87,000 cals, as the critical increment per gram-molecule of 
hydrogen. The corresponding frequency is 9*21 x 10^^, or A = 325 /qx. 
Hence p=2*04 x IQH. At 2000° abs., e-^/^2’ = 3*055 x lO-^o. Hence 
the rate of dissociation == 10® . {7^4= 6*23 x 10^(7^^. At 

2000^ abs., w for one hydrogen atom is 7*1 x 10® cm. per second. 
Taking cr=2xl0“® cm., and using equation (2), the rate of union 
of hydrogen atoms, assuming all the atoms active, is 1*53 x 
the velocity constant being expressed in gram-atoms per litre 
per second. Hence the equilibrium constant is 4*07x10“®. The 
degree of dissociation of hydrogen as determined by Langmuir is 
0*0033 at 2000^ abs. and under one atmosphere^s pressure. Hence 
Langmuir^s equilibrium constant, expressed in concentration terais, 
is 6*6 X 10“®. This agrees fairly well with the calculated value. 
The main cause of the discrepancy is probably the fact that in the 
ease of the hydrogen atom, o* is less than 2x10”® cm. If we set 
cr = 1*57 X 10“^ cm., the two values of the equilibrium constant 
became identical. This value of is used in the following table, 
which contains the values of K obtained by Langmuir and those 
obtained by the above method of calculation. 


DissociaUon of Hydrogen, 


Unimolecular 


w in cm. velocity con- 



per sec. 

stant 

of 

dis- 

T: abs. . ' 

.X 

sociation. 

IMO^" 

,0‘15 

41 

•66 

2,000 

•7*1 

6*23 

X 

10« 

2,500 

7*95 

'4*98' 

X 

10® 

. 3,000. . 

. . 8.*66 

9-26. 

X.' 

10’ 

3,500'.' 

',9*37. 

'7*46 

X 

10® 

.'4., 000 

10*0 „ 

3*58 

X 

10® 


Bimolecular Equilibrium 
velocity con- constant, 
stant of union, calculated. 
8'2 X ff-l X 10“« 

9'4 X 10^1 [6-6 X 10"®] 

1.1 X 4-7 X 10-® 

1-2 X W® 8*0 X iO""^ 

1-3 X 10« 6*0 X 10“^ 

■■ hU x K^ M xm^- 


Equilibrium 

constant, 

Langmuir.. 

■ 4 * 6 ^ 

^6*6 X:10~® 
5-1 X" 10“® 

:■ 

B-t'X' 10 “^::,: 
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Tlie agreement tliroiigiiout- is satisfactory. It sliould bo obsorvedj 
lioweveTj tbat both series of K values are dependent on the 
numerical value for the heat effect, namely, 84,000 cals, at constant 
volume. This quantity has been verified approximately by Isnardi 
[ZeiUch, Elektrochem.j 1915, 21, 405). 

The following considerations also afford some support in favour 
of Langmuir's value for We have seen that when hydrogen 
iodide decomposes in the ^/./zmiolecular manner, the critical incre- 
ment is approximately 63,000 cals, per gram-molecule. Let us 
suppose that two gram-molecules decompose in this manner, not 
ill the ordinary bimoleciilar manner. That is, we have the 
reactions : 

2HI 2H-f 21 Hs-fL. 

■This will be referred to as the ' atomic ’ process. Although this 
is formally the same as the ordinary bimolecular process, the 
actual mechanism, involving as it does the formation of free atoms, 
is different, for in the bimolecular process we deal only with a 
polarisation or partial activation of each of the molecules H 2 , lo? 
and HI, a process which requires much less energy to reach the 
respective critical states than is required for the actual dissocia- 
tion of each molecular species into atoms. Every chemical process, 
occurring spontaneously, follows the path of least resistance, that 
is, the path involving minimal critical increments. Hence the 
atomic process referred to is not the naturally occurring one. 
Since, ho'wever, the chemical change as a whole is the same in the 
two cases, the total heat effect must be the same. The heat 
absorbed when two gram-molecules, of hydrogen iodide decompose 
is 4000 cals, approximately. Applying the expression developed 
and tested in former papers, namely, ■ , 

heat evolved = - 

•^reaclaiits)? 

to the above atomic process, we obtain : ■ 

- 4000 = -f Hjj, — 

The ■ symbol Ej,, which' is the, critical increment of dissociation 
of iodine into its atoms, has the value 41,000 cals, per gram-mole- 
cule* '2 X = 2 X 63,000 cals.-. Hence the quantity which 
denotes the critical increment of dissociatio-n, of one graiii-molecule 
of hydrogen i,nto its -atoms, has the value 81,000 cals.. This should' 
be -sensibly identical with' the heat absorbed in the dissociation: of 
hydrogen-., ' It -is , seen to be^-.m 'fair agreement hvith Langmuir's 
■value. Th'd source of the ' discrepancy is due mainly to error in 
the value, of E^^y^ which ' we, have taken to he '63,000 ,' cals.'-" , per 
' gram-molecule on-'' the' basis of the .rather qualitative statement 
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made by Bertbelofc and Gaudeclion that hydrogen iodide is decom- 
posed by blue or violet light. If we take the critical increment of 
hydrogen, in respect of dissociation into atoms, to be 87,000 cals, 
per gram-molecule (the value which has been employed in the com- 
pilation of the above table), it follo^vs from a consideration of the 
atomic process of the decomposition of hydrogen iodide that 
should be 66,000 cals., this being the quantity required to dis- 
sociate one gram-molecule of the substance into free atoms of 
hydrogen and iodine. From what has been said, this may be 
regarded as a more exact value of the critical increment of uni- 
molecular decomposition than the value 63,000 cals. Certain con- 
clusions have been drawn from this as regards the relative speeds 
of the unimolecular and bimolecular decompositions of hydrogen 
iodide in an earlier part of this paper. A further conclusion is 
that gaseous hydrogen iodide, when heated, should exhibit an 
absorption band in the region of v = 7xl0^^, or X = 429 /i/u The 
author is unaware of any measurements in this connexion. 

The decomposition of hydrogen iodide is particularly interesting, 
because it is one that is capable of occurring in two distinct ways, 
namely, the unimolecular and the bimolecular, and, if the previous 
considerations be accepted, we have fairly complete information 
regarding the mechanism of both. In the case of the ordinary 
bimolecular decomposition of hydrogen iodide, the critical incre- 
ment E per gram-molecule is 22,000 cals. This is just one-third 
of the critical increment E^, 66,000 cals., which is required for the 
complete dissociation of the molecule into free atoms. The ordinary 
bimolecular process occurs, therefore, with much greater ease, that 
is, at lower temperatures, than does the unimolecular process. The 
bimolecular process involves, therefore, a certain separation or 
polarisation of the atoms in the molecule, but not their complete 
separation. The bimolecular process may be represented in the 
following manner, in which an additive compound is formed: 



H— I 


H I 

1 1 

H I 




The total amount of energy required to 'activate two gram-mole- 
cules of hydrogen iodide in this manner is 44,000 cals. 

In conclusion, we may collect together the various immericai 
values for the, critical increments of the substances dealt with .in; 
the present paper. , ■ . , 
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Critical 
increment 
in cals. 

per gram- Reaction involving the critical 


Substance (gaseous), molecule, increment of the previous column. 

Hydrogen iodide 22,000 2HI->‘H2 + ^2 ordinary bimolecular 

reaction. 

Hydrogen iodide 66,000 -f- I imimoiecular reaction^ 

identical with the photochemical 
decomposition. 

Hydrogen 87,000 H2“^2H. 

Iodine 41,000 12-^21. 

Bromine 50 000 Br2-^2Br. 

Chlorine,.. 86,000 Cl2~>-2C1. 


Summary. 

(1) The observed rate of a unimolecular reaction is idoiitical 
witli tlie rate at which the molecules pass from the passive to the 
active state per second. The active state differs from the passive 
in respect of internal energy. The activation is ascribed to the 
radiation density of the absorbable radiation. In unimolecular 
reactions, active molecules have no real existence. They are, in 
fact, the resultants of the reaction. The critical increment ii', 
that is, the quantity of energy which must be added to an average 
gram-molecule to raise its energy content to the critical state, is 
given by the expression a¥(jAv, where h is Planck's constant-, v the 
frequency of the absorbable radiation, and Nq the number of mole- 
cules in one gram-molecule. This statement is simply Einstein's 
law of the photochemical equivalent. 

If the concentration of the decomposing substance is (7, the 
provisional expression for the rate of decomposition in a unimole- 
ciilaF' process is : 

where e being the ' velocity of light in a vacuum 

and n the refractive index of the system for the frequency v. In 
the. case of gaseous systems, n—1 very nearly, and" p==l*6 x 
It follows that the observed velocity constant of a unimolecular 
process is given by : 

Alternatively, the rate of unimolecular decomposition is given, by: 
^dGldt=:10K]^.Gu,, 

where is the radia.tion' density of the effective ' frequency v, the 
; radiation , density being determined -by the temperature of the 
system. . '' 

" .:(2) The' rate ::'of bimolecular reaction is identical with the 
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iiuinber of collisions wliicli occur per second between tlie active 
molecules. As already pointed out in tbe case ol wwimolecular 
reactioiiSj active molecules have no real existence. In bimolecular 
and multimolecular reactions generally, active molecules exist, their 
rate of formation being very mucli greater than their rate of 
collision, which latter term defines the observed rate of reaction. 
The number of active molecules in existence at any moment is pro- 
portional to the radiation density. In multimolecular reactions, 
the fraction of one gram-molecule existing in the active state is 
given on the basis of molecular statistics by the expression 
where E is the critical increment per gram-molecule. The fraction 
of one gram-molecule existing in the active state is given on the 
radiation basis hy which is identical with and there- 
fore with If G is the total concentration in gram-mole- 

cules per litre, the number of active gram-molecules per litre is 
(7. The number of ^'effective’' collisions which occur in a 
gaseous system between like molecules (such as molecules of 
hydrogen iodide) per c.c. per second is given on the molecular 
kinetic theory hy the expression, 

J2 . T , (number of active molecules per c.c.)^, 

where is the average velocity of translation of a molecule at the 
temperature considered and cr is the range of approach of two 
molecules during a collision. At each collision between active 
molecules, two molecules react. Hence the rate of reaction in a 
bimolecular process between like molecules occurring in the gaseous 
state is given by: . 

- = 5*40 X 10^1 . . o-V 03 . 

Alternatively, since — ^ q| reaction may be 

written : ' 

- dC/dt - 5*40 X 1021 X u X <r2 xp^x uj^ x C\ 

The observed bimolecular velocity constant, for a reaction between 
molecules of the same kind (expressed in gram-molecules per litre 
per second), is given by': 

= 5*40 X 1021 . w . 0-2 . 

or,' 

^obs. SAO X 1021 . W . cr2 

If the reaction occurs between molecules' of different kinds, . for' 
example, "the union of hydrogen and iodine, the velocity constant 

iagivenby: ■ , ^ 

- 3-8 X 10“ . <r2 . + 
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where -Wi and are the average velocities of translation of the 
two kinds of molecules, is the critical increment of the one kind 
(per gram-molecule), and is the corresponding quantity for the 
other kind. When the himolecular reaction occurs between nascent 
atoms, all the reactants are normally in the reactive state, and 
therefore the exponential term reduces to unity. In such a case^ 
for example, the combination of atoms to form the undissociated 
molecule of a gas, the bimolecular velocity constant is given by 
the expression: 

/£- 5 - 40 x 1021 . 0 - 3 . 

(3) The various statements made in (1) and (2) are borne out 
quantitatively in the cases examined, namely, the decomposition 
of hydrogen iodide (bimolecular reaction), the union of hydrogen 
and iodine molecules, and ' the ■ dissociation of liodine, bromine, 
chlorine, and hydrogen gases. It is shown that the opposing 
velocity constants, as well as the equilibrium constants, can be 
calculated in regions in which, owing to the rate being either 
extremely great or extremely small, the chemical change cannot be 
determined experimentally. 

(4) The velocity constant of w?^^molecular decomposition of 
gaseous hydrogen iodide has been calculated at various tempera- 
tures, and is shown to be negligible compared with the bimolecular 
constant over the range of temperature examined by Bodenstein, 
In the neighbourhood of 1200° abs., it is calculated that the two 
velocity constants should be of the same order of magnitude, and 
therefore the ordinary bimolecular expression should fail to apply 
quantitatively. 

Muspe-att Labobatoey or Physical' aki> 

Electbo-ohebiistey, [Eeceimd, A^ml 22nd, 1018.] 

Unive'esity, or Liveepool. ■ 


XLII. — e^iBerherine. 

By William Henby Peekin, jun. 

During the discussion of the results- of an. experimental investiga- 
'tioii'into the constitution of cryptopine; ' it was^ pointed out (T., 
1916, 109, 833) that the comparison of the formula of this sub- 
stance ■ with , that of berberinium ..hydroxide* shows that these 

■ *' ,.Tlie nomenelatiire,. employed ..in', this commuixicatioE .is clearly set out 
OE p.« 303.,' '' , 
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substances are ' related in a very striking manner, and this relation- 
ship is still more clearly brought out when the formiilse' of 



/NoMe 

2 CHj 

6h 

1 It 

NMe 

( 

!1 11 

C — N-OH 

1 

CH„ 

/ 

CH,<^| OH, 


CH, 

Cryptopine. Berberinium hydroxide, 

't'^ocryptopine chloride and berberinium chloride (loc. cit., p. 833) 
are compared: 



/\0Me 

fA 

rt’' 

C—NMeCI 

C”NC! 

M-Ol A A**- 

CH,<g('Y OH. 


CH, CH., 

isoCryptopine chloride. Berberiiiiuni chloride. 

The difference in constitution between the two alkaloids and the 
two salts is essentially due, first, to the presence of the ^-methyl 
group in cryptopine and its absence in the berberine molecule, 
and, secondly, to the fact that, whereas the four oxygen atoms 
attached to the two benzene nuclei and carrying the methylene and 
the two methyl groups, are in the same position in each formula, 
in the case of cryptopine, the methylenedioxy-groiip is in the upper 
and the two methoxy-groups in the lower part of the molecule, 
whilst in berberinium hydroxide the positions are reversed. 

Jn other words, cryptopine is related to an alkaloid isomeric 
with ordinary berberinium hydroxide and having the constitution 


GH I 

ii ii 

MeO^Y OH 

CHj 

epiBerberinium hydroxide. 
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and it is tliis substance wbicb. has been named ^fiherherkmmi 
hydroxide. This substance has, so far, not been met with in 
nature, and it appeared to the author that it would be an interest- 
ing problem to endeavour to prepare it, and thus to be in a posi- 
tion to compare its properties and the properties of its salts with 
those of berberinimn hydroxide and its salts. In order to obtain 
epiberberinium salts from cryptopine, it was essential, in the first 
place, to discover some method by which the methyl group could 
he detached from the nitrogen atom in the cryptopine molecule, 
and this proved to be an undertaking of more than ordinary 
difficulty. 

After several unsuccessful attempts in which various condensing 
and oxidising agents were employed, the most hopeful course 
seemed to be the application of a method for removing alkyl groups 
from nitrogen, which had been discovered by Diels and his pupils 
(Diels and Fritzsche, Ber,, 1911, 44, 3020; Diels and Paquiii, 
ibid,^ 1913, 46, 2000). These investigators have shown that, 
whereas azodicarboxylic ester, C 02 Bt*]SnN*G 02 Efc, combines with 
primary amines to yield amides, it forms additive compounds with 
secondary and tertiary amines which are readily hydrolysed by 
dilute hydrochloric acid, yielding hydrazo-ester together with 
aldehyde and amines. The important point is that the amines 
thus formed contain one radicle less than the secondary or tertiary 
amine employed in the first instance. Thus azodicarboxylic ester 
combines with dimethylamine to yield the substance, 
C02Et*N(CH2-NHMe)NH-C02Et, 

and this is hydrolysed by dilute hydrochloric acid into hydrazo- 
dicarboxylic ester, formaldehyde, and methylamine : 

C02Et*N(CH2-CHMe)NH-C02Et+ HgO - 

C02Et*NH*NH-C02Et+ CHoO + NH^Me, 

Subsequently, ' Diels and Ernst Fischer (lie/*., ■ 1914, ' 47, 2043) 
showed that if-methylpiperidine and ' complex substances such as 
atropine, morphine, and codeine could be demethylated by treat- 
inent with azodicarboxylic ester followed by hydrolysis with dilute 
hydrochloric acid. 

As there seemed no reason why the same process might not lead 
to the elimination of the A-methyl group in cryptopine, a large 
number of experiments were made on the action of azodicarboxylic 
ester on the alkaloid under the conditions recommended' by Diels 
and" "Fischer in the case of codeine ' and under various other con- 
ditions,' including heating the ■ substances together without dilu- 
tion with; a 'neutral solvent. 

. ".In; no single .case could the 'formation; of an additive product be 
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observed^ and most of the cryptopine was always recoYored un- 
changed when the product of the action was boiled with dilute 
hydrochloric acid. It is not improbable that this negative result 
is due^ in part at least, to the fact that cryptopine, unlike the 
alkaloids employed by Biels and Fischer, is very sparingly soluble 
in boiling acetone and other suitable solvents and also in azo- 
dicarboxylic ester, and thus intimate contact with the latter cannot 
be brought about. 

During these experiments, it was noticed that many metho- 
chlorides decompose, often at their melting points, with the evolu- 
tion of gas and formation of a froth, and it was the inquiry into 
the meaning of this decomposition which ultimately led to the 
discovery of a process for preparing derivatives of ispiberberine. 
One of the first substances to be investigated "was 6 : 7-dimethoxy- 
2-methyltetrahydro^*5oquinoline methochloride (see below), because 
it happened to be available. This substance (1 gram) was placed 
in a test-tube, the upper part of which was drawn out to a long 
capillary, and the tube heated in a sulphuric acid bath, when 
decomposition occurred at about 270^, and, on applying a light 
to the end of the capillary, the issuing gas burnt with a green- 
edged flame and was at once recognised as methyl chloride. When 
effervescence had ceased, the residue was distilled under diminished 
pressure, and passed over as a colourless syrup which solidified 
to crystals melting at 83®. This substance was 6:7-dim6thoxy-2- 
methyltetrahydroisoquinoline, so that decomposition had taken 
place according to the scheme : 

MeCi - 


111 order to investigate a case approximating more closely to 
that of cryptopine, berherine was converted into tetrahydro- 
anhydroberberine (tetrahydroberberine), and this into tetrahydro- 
anhydroberberine methochloride (compare Pyman, T., 1913, 103; 
828). , . ' ■ 

The ^-modification of this methochloride was heated in a drawn- 
out' 'test-tube in a sulphuric acid bath exactly as described • above, 
and again yielded methyl "chloride and a dark' brown syrup, but, this" 
change'. did' not take' place .until the temperature had reached 
285- — 290'®. " Dess^ ' decomposition of the product occurred when the,' 
process was' carried' out' :under',,10 ■ 'mm. ".press.ure.'. " "''',The/"r'«idual 
brown mass 'sep'arated from ' alcohol in leaflets ■wMch"".'ineI'ted ' at 



OR, 


CHo 


Meo/b^'^NMe , 


CH, 
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109 — 17P, and consisted of tetraliydroanliydrobe'rberinej eliiniiia- 
tioa of metliyl cbioride having occurred according^ to the partial 




CH-N +MeCL 



It remained now to apply this method to the quaternary 
chlorides derived from cryptopine, but, when this, was done, great 
difficulties were at once encountered because of the very high 
temperatures which are required in order to bring about .scission 
even under diminished pressure. 

Indeed j in some of the cases investigated, the temperature neces- 
sary to cause elimination of methyl chloride is considerably above 
the point of decomposition of the product. In such circumstances, 
the isolation of any of the product is only possible when quite 
small quantities of material are decomposed at any one time and 
the experiment is rapidly carried out. The yield, even under the 
most favourable conditions, is then only a small one, and the 
preparation of any quantity of material for subsequent examina- 
tion consequently a very tedious operation. 

The case most exhaustively studied in the cryptopine series has 
been that of zbocryptopine . chloride (T., 1916, 109, 883), because 
this is by far the most accessible of the quaternary chlorides derived 
from this alkaloid. When wocryptopine chloride, in quantities of 
I gram, is heated under diminished pressure, elmiination of methyl 
chloride occurs at about 260^^, and it has been found possible to 
isolate from the black residue, by employing one of the methods 
described on p. 506, a ■ pure substance which on ' examination has 
been found to be : 
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B'ihydroanhydro^^iherheHne, C20HJ9O4N, resenables cliliydro- 
aiiliydrob'erberine in appearance and in many of its otlier proper- 
ties. It melts at 170 — 172 °^ separates from acetone in iridescent^ 
s'oideii plates, and yields a very sparingly soluble hydrocMoride, 
G2oHi904N,HC1,3H20, 

wliicli crystallises in deep yellow, prismatic needles. Dibydro- 
anhydroberberine melts at 170 — 172 °, separates from acetone in 
yellow prisms, and is also characterised by the sparing solubility of 
its hydrochloride, C2oH4904br,HCl,3H20, and other salts which, like 
the salts of dihydroanhydroepiberherine, are all bright yellow or 
orange. Dihydroanhydrot^piberberine combines with methyl 
sulphate to yield the methosulphate, C2oHi904N,Me2S04, which 
crystallises splendidly in yellow prisms, and when boiled with 
methyhalcoholic potassium hydroxide is readily decomposed with 


/\/ 

/ 

OH 

il 1 " 

C] 

II 

C— NMe-MeSO, 

-> c- 

N/' I 

^ V 

CH, 

! 

/\ / 

/\ 


CH2 

Diliydroanhydroepiberberine 

methosulphate. 


-l^Me 


ch:ch 3 

Anhydrocryptopine. 


separation of anhydrocryptopine (T., 1916 , 109 , 976 ), a decom- 
position which is a welcome confirmatioii of the constitution 
assigned to dibydroanhydroepiberberine. 


Tetrahydroanhydroeylherber'i^^^^ 


/\/ 

CH-N 

MeG^Y rw 
MeOl^Y 

'"During "the course, of the , investigation of, cryptopine, „C2iH33C^5hr,r, 
it" was discovered that this' alkaloid is reduced by sodium'' amalg'am:;' 
with' , th©'','' fo'rmation of " dihydro,cryptQpine,, '■ CgiHs^OgN, and', this','' 
,'tertiary' base,' 'under /the influence of,' acetyl,. 'chloride,' is, eO'iiverted"' 

A,''',ciet.ai.'iecl in'vestigatiG'n ,o,f 'this substance 'I's , 'nearly completed, and ' w'i'll, ' 
li'O'ped,:' S'hortly b©, ready fo'r publication* 

" ,VOIi. CXIII. 



498 


PEBKra : EPIBEKBERINE. 


iiito' two stereoisonioric quaternary chlorides, C 2 i^Io 404 NCl, 'which 
were named the a- and j3-chlorides of is-odihydrocryptopine (T,, 
1916, 109, 839). The close relationship between these chlorides 
and tetrahydroanhydroherberine methochloride was commented on 




OH, I 


*CH, 
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CH-NMeCl 

MeO^Y PH 

OH, 

wBihydrooryptopine chloride. 


/\0Me 

YyOMe 

gH^ 

CH-ifMeCl 

^o/V I 

OH,<g 1 OH^ 
CH, 

Tetraliydroaahydroberberisie 

methochloride. 


at' the time, as was also the fact that these substances are the 
counterpart of one another in all their reactions. It has already 
been mentioned (p. 495) that tetrahydroanhydroberberine jS-metho- 
chloride is decomposed on heating with the elimination of 
methyl chloride and formation of tetrahydroanhydroberherine, and 
it therefore seemed probable that a similar decomposition would 
take place in the case of i^odihydrocrjptopine chloride and result 
in the formation of tetmhydromvhydro&^iherheriw. The first ex- 
periments in this direction were disappointing, because the only 
chloride available was the jS-modification, and this does not lose 
methyl chloride until nearly 300°’, and then not readily, with the 
result that much decomposition of the product occurs. The 
a-modification of the methochloride is unfortunately very difficult 
to obtain, since it is produced only in very small quantity during 
the action of acetyl chloride on dihydrocryptopine. However, a 
■ small 'quantity of the quite pure a-chloride was' prepared and found 
to, '.decompose, when heated under' diminished' pressure, at a niudb 
'lower 'temperature than the 0-modification, namely, at about 230*^, 
and the dark-coloured'residue could then be purified by the methods, 
given on p. 511, and yields tetTahydromihydTo^'^iherherme. This 
substance separates' from alcohol in colourless needles, . and not id 
the '.stout prisms so characteristic of tetrahydroanhydroberherine, 

' .but in other ; respects it resembles the latter in a remarkable ' degree. 
It' .meltS'-at the' .same temperature (170 — 171*^) and yields exactly 
''similar, .'very, sparingly soluble, salts, of, which the hydrochloride, 
,Cg'oH 2 i 04 ]SI',HCl,' for ' example, is almost .insoluble in .dilute' hydro- 
chloric : a'cid. ' ,' It . was subsequently, found that ' ' tetrahydroanhydro-. 
epiberberine may 'be' obtained .from'dihydroanhydroep^berberine by 
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reduction witli zinc or tin and hydrochloric acid, and this ohserva^ 
tion made it possible to- prepare enough material for the detailed 
examination of , this interesting substance. It is a strong base, 
combines readily with methyl sulphate in the cold, yielding 
Ayc^'rof^?^Ay<^?*oepi5cf5m'?2e metJiomlfhate^ a coloiirlessj cr^^stalliiie 
substance which is decomposed by -boiling with methyl-alcoholic 
potassium' .hydroxide^ with the formation of anhydrodiliydro- 
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Tetrahydroanhydroejpibei’berine 

methosulphate. 
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cryptopine (-4) (compare T., 1916, 109, 938). 


yg>CH. 

■ CH 

e-^iBerberinium Ghloride, || ^ 

0— -NCi ■ ‘ 

CHa 

and other Salts of e\nBerherine, 

The magnificent, deep orange, salts of ^i^^^iberberine, may be 
obtained either from dihydroanhydro^pdberberine or tetrahydro- 
aiihydro^p'dberberine . by the action, of, such oxidising, agents, as'' 
iodin.'e or dilute nitric acid, but .are best prepared irom these,, „bas,es 
by boiling with' mercuric acetate, in acetic acid solution, a prO'Cess 
recO'irnnended by Gadamer (Arch. Pharm,, 1915, '253, 274)"in " the 
ease of the oxidation of dihydro- and tetrahydro-anhydroberberin© 
■tO'"' 'the ' corresponding berberininm 'salts. ', 'Thus, when' dihydro-. 
anhydrocpiberberine, ' 'dissolved' in ■'■"acetic acid,, is boiled ■ "with 
mercuric'" acetate, mercurous aoetate'separates,, and if. this is.'rem'oved 
by filtration and ',hydrochloric '.acid', added to the filtrate, efiber- 
' berimum. ..chloride separates* This salt ci.*ystallis'©s from water in 
:,,glist©ning, deep orange needles which are deeper in colour than the 
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OH. 



500 


PERKIN : BPIBBEBEEINE. 


crystals of berberiiiiimi cMoride, and it is romarkable that the 
compositioii of the salt, C 2 oHig 04 NCl, 4 H 20 , is the same as that 
of berberinium chloride, and that, on heating, it behaves exactly 
like the latter and loses SHoO readily, but the remaining HoO with 
much greater difficulty. The sidpliafe^ iodide, and nitrate are also 
intensely coloured salts, and the picrate melts at 222*^, whereas 
berberine picrate melts at 239 — 240° (Pictet and Gams, Bei\, 1911, 
44, 2485). 


The Action of Sodkm Hydroxide on epii?e/‘5en?zi‘«m Sulphate. 
Formation of Oxyepiberherine and Dihydroanhyd/roQ^iherheHm^^ 
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The remarkable conversion of berberinium sulphate into a mix- 
ture of oxy berberine and dihydroanhydroberberine by the action of 
sodium hydroxide at the temperature of the water-bath was first 
observed by Gadamer (Arch, Pharin., 243, 34), and when 

the same process was applied to epiberberiniuin sulphate, it was 
found that not only did the reaction proceed in the same direction, 
but the conversion was even. more quantitative than in the' case, of 
the. berberinium salt. '.The dihydroanhydroepiberberine obtained' 
was compared with the dihydroanhydrocpiberberiiie which results 
from the, action, of heat on 4‘ocryptopme chloride, (p. 506), and the 
two preparations were found to be identical. 

Oxy'^piberherine, — 241°, and has 

properties 'which ' are very , similar ' to. those of oxyberberine (m. p. 
198 — 200°).' Both are feeble ''bases and crystallise from acetic acid 
in the form of their beautifully crystalline acetates, 

G2qH 

,' which' are,; ".dissociated by water or -when they are heated at 80—90° 
into,' acetic':, acid: ': and' , oxy-berberi,ne or '-ey> 2 b,erherme. ,, 

When, oxyberberine is heated, in a., sealed tube, with dilute hydro-' 
chloric acid at 130°, it ',gradualiy:'' undergoes isomeric change and" 
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yields i^ooxyberberine, the conversion taking place in tlie following 
direction : 
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(Perkin and Robinson, T., 1912, 101, 262). This ciirious process 
does not take place at 130° in the case of oxycpiberberine, but is 
rapid and quantitative at about 150 — 160°. imOa^i/epiherheririe, 
like the corresponding berberine derivative, is practically devoid 
of basic properties; it does not melt at 300°, and is even more 
sparingly soluble in the usual solvents than isooxyberberiiie (in. p. 
245°), but it may be recrystallised from pyridine. 

The alkaloid, berberine, C 20 HJ 9 O 5 N, was first isolated by 
Gadamer (Arch, Fharm.y 1905, 243, 33), who obtained it by add- 
ing a large excess of sodium hydroxide to berberinium hydroxide 
(or the sulphate) and extracting with ether. It crystallises from 
ether in yellow needles and melts at 144°. 

During the course of this investigation, ex}>eriments on the 
action of sodium hydroxide on <?^iiberberme sulphate were made 
under the conditions recommended by Gadamer in the hope that 
it might prove possible to isolate &piberheriney 




Meo/ 


f iQ' 

CH-OH 

I 

C — N 


>CH„ 


\/ 


MeOq/\ ^ 

GH, 


CH, 


These were, however, only partly successful, since the cp^berberine, 
which ivas obviously formed, could not be isolated in a pure con- 
dition, , 

The ' substance always contained oxjcjiiberberine, .which ..seems 
to. be produced' as the result of ■ oxida.tion even when the, ethereal' 
solution of .^p^^berberme remains in. contact . with' air. ' On',; .the^ .other 
hand,., the O-methyl and '. 0 -ethyl derivatives have been ..'obtained'; in, ' 
a pure condition. ' 
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a vd 0-Etdiiih]}iberberine . 


G. M. and R-. Robinson (T., 1917, 111, 967) have recently shown 
tliat berberiiie is converted by treatment wdth inetliyl alcohol in 
the cold into O-niethylberberine (methoxydiliydroberberiiie), and 
the,^ corresponding ethyl derivative is obtained wdieii ethyl alcohol 
is employed. The present author finds that these substances are 
more conveniently prepared by the action of sodium methoxide, or 
ethoside on berberiniiiin sulphate, .and hopes shortly tO' publish 
the details of these and other experiments on several new deriv- 
atives ' of berberine. 0-Methyl and 0 -ethyl derivatives^ ' of 
cpiberberine are obtained under exactly similar conditions- Thus 
(gp-eberberinium chloride (or the sulphate) yields, on treatment in 
inetliyl-alcoholic suspension with sodium methoxide, 0 -me^AyZepi- 
herherim^ . C 2 QHjg 04 ( 0 Me)N, which separates from methylal in 
splendid brownish-yellow prisms and melts at 150 — 152°. The 
corresponding 0-ethi/l derivative does not crystallise so readily and 
melts at 135 — 136°. Both these substances dissolve in boiling 
dilute hydrochloric acid, and, on cooling, ej^iberberinium chloride 
separates. '.They also dissolve readily in boiling acetone, ^ and . when 
.the ..solution is concentrated and set aside, anhydrO'^'piberherine-. 
acetone^ C 20 Hi 7 O 4 N,C 3 H^_jO, ' separates. This interesting : substance,., 
which' doubtless contains the- grouping 

A/ 

9® GH-CH,*OOMe 

A .. I . ^ 

C N . 


X/ I 
i CH, 
/\ / 


OH,:; ■ 

melts; at... 162°,,, cry sballises' in.; yellow prisms,, .and is, in appearance. 
■' and, , properties, ^exactly.', ''analogous - . 'to, , anhydroberberine-ac-etone 
■(ni-. 'p.' '175°),'.,'.w,'hich ,,is:,.'-sim'il'arly.' ■■produced, when . 0 -methyl- '.or 
.....O-ethyl-b'erberme- is, dissolved' ■■in'’' boiling "acetone.'. 
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The N Qfnenclature of Berherine and its Salts. 

Billing the last few years, some difficult points connected with 
the constitution of berberine and its salts, wbicli still remained, 
have been definitely cleared up, and it seems to the author that 
a system of nomenclature should now be adopted which is in accord- 
ance with the new views. There can be no doubt that the alkaloid 
exists in two distinct modifications, one of which is crystalline and 
the other so far known only in solution. When a solution of the 
sulphate is mixed with the quantity of barium hydroxide neces- 
sary for the removal of the sulphuric acid, the filtered solution is 
strongly alkaline, and a similar alkaline solution is obtained when 
superheated steam is passed into anhydroberberine-acetone, 

(Gadamer, drcA. Pharm., 1905, 243, 33). 

Uiifortiuiately, it has not been found possible to isolate this 
soluble alkaline modification of the alkaloid, since decomposition 
occurs during evaporation even at the ordinary temperature in a 
vacuum desiccator, but it is now generally recognised that this 
alkaline solution contains the ammonium hydroxide modification 
represented by the formula: 

Y^iOMe 
JOMe 


9® OH 

I! 11 

0 — ^N-OH 

It is clear that this modification, from which the salts are obtained 
by the replacement of the hydroxyl group by acid radicles, may 
conveniently and correctly be . termed berherinmm hydfO’xide. 
The salt commonly known as berberine hydrochloride is, of course, 
not a hydrochloride,' but a quaternary chloride ' eontaining the 
grouping 


/\/ 


c- 

\/ 


--KC1 


CH,. 

' ■ 'and, ' must;" therefor© be , ;B,amed' erinmm chloride. 
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Tile solid modification 'of the alkaloid was 'first isolated by 
Gadainer Qoc, cit,, p. 33), wlio obtained it by adding a large excess 
of sodiniii iiydro-xide to tbe aqueous solution of berberinium hydr- 
oxidej or the sulphate, and extracting with ether. It crystallises 
from ether in yellow needles, melts at 144*^, and has the composi- 
tion C^QlIjgO^iSr. 

Owing tO' the fact that this modification yielded oxyberberiiie 
and dibydroberberiiie on treatment with hot concentrated sodium 
hydroxide solution, and therefore behaved like an aromatic 
aldehyde, Gadainer considered that the substance was an aldehyde 
of the formula I, and he therefoi'e named it '^berberiiial.'' On the 
other hand, Tinkler (T., 1911, 99, 1345) was led to the conclusion 
that the evidence obtained from the spectroscopic examination of 
berberinal points to the fact that the substance is not the aldehydic 
(I), but the carbiiiol modification (II) of the alkaloid : 


!i 

-2TH 


A/ 

OK., 

(!•)“ 


OH. 


UH-OH 


0— N 

I 

CH, 


/\ / 

CH, 


(II.) 


In a paper, published in 1912, on the exhaustive inethyiatioii of 
tetrahydroaiihydroherberine (McDavid, Perkin, and Robinson, T., 
101, 1219), the carbiuol formula for the alkaloid was accepted, and 
recently (T., 1917, 111, 958) G. M. and R. Robinson adopted, the 
same view, mainly as the result of. a comparison of the,,, behaviour 
of berberinal and cotarnine, . ■ 


GH-OH 


OH, 


towards a.eetone, alcohols, amides, and other substances, with 
which both bases yield similarly constitu'ted and highly charac- 
teristic ' condensation , products. Since herberinal' is obtained 
by , the , action of alkali , on the salts of ' berberiiie, and .on the 
other ha,nd is , converted into .the' .salts , of,,' berberine,, ' by :, solu-' 
tion in.' acids, .it' appears to'.the author,.. that it should,' in,' '.future, 
'bov'Call-^'' '',',lb'erb6rine/:la plan.' which .would' do away w,ith, the anomaly 
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tkat-j whereas the salts of Berberine are recognised, there is, at the 
present time, no berberine corresponding with them. The 
quaternary salts of berberine, which are derived from berberinium 
hydroxide, should, then, be called ‘''berberinium salts,'' so, for ex- 
ample, berberinium chloride, C2oH2g04NCl, nitrate, C2oH2g04]Sr,N03, 
etc. The adaption of this system of nomenclature necessitates a 
change in the names of the reduction products derived from 
berberine. The substances called dihydroberberine, C20H2QO4N, 
and tetrahydroberberine, C20H21O4N, are not direct reduction pro- 
ducts of berberine, C20H29O5N, but are derived from the alkaloid 
by reduction and simultaneous removal of the elements of water. 
Their names must therefore be altered to dikydrounhydroherherine 
and tetrahydroanhydroherherine respectively. Acetoneberberine, 
C2oH2s(CH2*COMe)04N, is formed from berberine by condensation 
with acetone, with the elimination of water, and should therefore 
be named anhydroberberineacetone, when its relationship to 
aiihydrocotarnineacetone is at once recognised. 

It is clear that the similar condensation products of berberine 
with 2-methylindole, acetophenone, <;^cZohexanone, etc. (compare 
G. M. and R. Robinson, T., 1917 , 111 , 959 ), are also anhydro- 
berberine derivatives. 

It may be pointed out that the actual placing of the berberine 
formulas in the present communication has been employed in order 
to bring out clearly the similarity in constitution between crypto- 
pine and berberine or ep^berberine, but, for most purposes, there 
is much to be said in favour of writing the formulae for berberine 
and gpiberberine in the following manner: 
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DiliydroanJiydroeipiher^^ 


/\/ 

6m. 


g>CH, 


i! I 

C—N 

Meo/N^ .! 


MeO^ 


\/\ 


OH„ 


CH„ 


Tkis substance is obtained, as explained on p, 496, wbeii 
i&^ocryptopine cMoride is heated, and it is important that the 
chloride employed should be quite free from cryptopine hydro- 
chloride, that is, that it should give no precipitate when its aqueous 
solution is made alkaline with ammonia and boiled/' If ' any 
cryptopine hydrochloride is present, much decomposition occurs 
during the heating, and the product is, of course, contaminated 
with cryptopine, and consequently difficult to purify. 

The finely powdered and sieved chloride, after being carefully 
dried in the steam-oven, is placed, in quantities of not more than 
2 grams, in a wide test-tube fitted with a cork and bent tube, the 
whole connected with a good water pump, and exhausted to, at 
the most, 15 mm.* The test-tube, placed in a metal-bath, is gradu- 
ally heated until any moisture has been removed, the temperature 
is then raised, rather rapidly, to 220®, during which the powder 
darkens in colour, and is apt to be projected about the test-tube 
and into the bent delivery tube. . ' ■ . , ' 

Decomposition soon sets in,' with 'frothing and formation of a 
dark brown, viscous mass, and, so soon as the ' disengagement of 
methyl chloride becomes rapid, the temperature is aUoweii 'f^o d'rop 
to. 200- — 205®, and' kept at this for three or four minutes and until 
the frothing has ■ almost subsided. In order that the operation 
may be successful, the decomposition must be' carried out 'as rapidly 
as possible, and the ■ experiment requires , considerable practice. 
The hot tube is allowed to ' cool slightly and then plunged into 

, , ■ MoCr3rptopiiie chloride, prepared by the action of phospboryi chloride 

on cryptopine (T. 1916, 109, 883-} frequently -eontams traces 'of cryptopine 
bydroohloride. ' When-tffi is the ease, tbe whole is dissolved in.' boiling water, 
the 'solution made alkaline with' ammonia, heated on the water-bath for some 
minutes and then, filtered- from the- '.trace of cryptopine. The- filtrate, on 
keeping, deposit's a voluminous' precipitate of pure isocryptopine oHoride. 
This quatemary.salt: dissolves 'moderately readily- in .boiling .glacial ac-etic 
.acid, .and -separates well as a voluminous, mass^ of coIourle,ss groups of needles,.- 
a method which yields; the o.alt in',',.an -'.exceptionally pure state.- . 
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water so that the resin may crack, become det ached from the sides 
of the tube, and easily rubbed off with a glass rod; otherwise, if 
the tube is allowed to cool siowdy, the resin becomes very firmly 
attached and is most difficult to scrape off. The crude, dark brown 
product may then be treated in two different ways in order to 
extract the dihydroanhydro^^jiberberine. 

(1) The resin is dissolved in hot dilute acetic acid (25 per cent.), 
the dark brown solution precipitated with ammonia, the gelatinous 
precipitate immediately extracted with much ether, and the 
ethereal solution decanted or rapidly filtered from the troublesome 
slimy precipitate, which consists largely of unchanged i?ocrypto- 
pine chloride. After drying over potassium carbonate, filtering, 
and concentrating, the ethereal solution is left in the ice-chest, when 
it gradually deposits a brick-red, crystalline precipitate which, 
after collecting and washing with ether, consists of almost pur© 
diliydroanhydroepiberberine. This substance may be obtained 
quite pure by repeating the solution in dilute acetic acid, pre- 
cipitation with ammonia, and extraction with ether, or it may be 
crystallised from methyl alcohol or acetone (see below). 

(2) The finely powdered resin is boiled with water, which extracts 
unchanged is'oeryptopine chloride and a dark reddish-brown 
impurity, the precipitate is collected by the aid of the pump, and 
washed with hot water until the filtrate is no longer red. The 
residue, after draining on porous porcelain, is triturated with 
methyl alcohol in a mortar, filtered, and the precipitate washed 
with methyl alcohol until the filtrate is only yellow. The ochreons 
residue of nearly pure dihydroanhydro€|??herberine melts at 
165' — 168*^, and was employed in this condition for many of the 
experiments described in' the following pages.'^' ^ For analysis, the 
substance was recrystallised from' acetone, and two analyses . were 
made with preparations' obtained by the two processes described 
above. ' 

(l)^ 0T072 gave 0*2793 '00. and 0-0564 H 2 O. C=71-l; 

0*3967 „ 14*1 c.c. N. at 16° and 762 min. N==4'2. 

■ ' Owing' to the tedious natiire of .these processes and' the labour required 

in the preparation even of a few grams of dihydroanhydroepiberbeiun©,att6mpts 
have 'repe.atedly been made to discover conditions under which larger' quantities' 
■than 2, grams of i^ocryptopine chloride could be .decomposed in one operation," 
but without. 'Success. If, for example, 10 "'grams of the chloride are. heated 
in.'a small' flask, under ..exactly 'the conditions observed in ,th©', 'case of '.'the 
2,,gr'amSs the' decomposition appears to proceed in precisely the same way, but' 
the 'product yields, . at the,,' most,,' traces only ..'of' , pur© dihydroanh.ydro,e|j,i- 
berberin©,,' 'Apparently the time required to' decompose, lO'gramS' of iso- 
oryptopine-qhloride' is,' sufficiently long-'to.^'decompose ,the product' almost 
entirely'., 


,2 
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(2) 0*1179 gave 0*3075 CO. and 0*0615 HoO. C = 7M; H=-5*T. 

C 2 oH 2 f) 04 N requires C = 71*2; H = 5*6; N = 4'2 per cent 

DihjjdromiliydQ'^o^'piberherine melts at 172 — 174^, and is sparing!}?- 
soluble in etlier or in ethyl or methyl alcohol, even on boiling, and 
also ill cold acetonC'. It is moderately soluble in boiling acetone, 
and separates in magnificent iridescent, golden-yellow plates 
resembling lead iodide, or, if the solution is allowed to cool slowly, 
ill well-defined prisms. 

The crystals, obtained from acetone, were measured by Miss 
M. W. Porter, and the Fedorov complex-symbol was calculated by 
Mr, T. Y. Barker. 

The crystals are monoclinic with axial ratios; : 5 : c = 1*163 : 
1:0*995; 0 = 97°15b Determinations : lOO/OOl/OlO. Complex- 



Dihydroanhydroepifoerberiiie. 

symbol, 4o; 8/44-/ + 4. The forms observed were, m{110} and 
'^2{011}, with a prismatic habit as shown in the figure. The faces 
being rounded, the reflections were rather poor. Four crystals 
were measured and the results obtained are placed in the follmving 


table. 

No,' of 
read- 
■ings. 

Azimuth (^). 

, Polar, distance (p)* 

Face, 

' , , , > 

Limits, Obs Calc 

. Limits.. . Obs.' ■ Calc 

w(ll'O) 

■' 11 

40°39'— 41^3' *40"56' — 

', 90°'.0'-™9'0" 9 ' 90.“0' 

9(011)' 


6 42 — 7,52' ’*'7 -7 ■ 

. 44 56,— 4515 ' *45 5 '■ , , — , 


; DihydroandydroB'pihe^^ dissolves readily.^ in. acetic, acid 'to. a 
deep yellow'' solution,, and' , the base' is not ' precipitated "by , 'dilution 
with water'j.'bu't 'separate's, oU'' the addition of ammonia as a" cas.eous 
■precipitate which, orr warming, ■'■.becomes, "crystalline, ; 'a':'trace," of 
■,tb©^ .base, ■diS'Solved,..^;in': ' a 'drop^-of ' ■ acetic .' acid,' is :"mixed ^ with ■' sulphuric 
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acid, there is at first little change, but, on keeping, the solution 
becomes cherry-red. 

Salts of Dihydroanhydro^^iberherme. 

Eydrochloride, , CooHi 904 N,HCl, 3 H 2 P.— When dihydroanhydro- 
cpiberberine is moistened with hydrochloric acid, it is converted 
into a yellow poAvder of the hydrochloride which, whilst very spar- 
iiigh^ soluble in cold water, and particularly so in cold dilute hydro- 
chloric acid, dissolves in much boiling water and separates in 
groups of flat, yellow, prismatic needles. This brilliant orange 
salt loses its water of crystallisation and becomes brick-red in the 
steam-oven, but on exposure to the air, it gradually absorbs 
moisture and becomes yellow again : 

0*1319, air-dried salt, lost 0*0157 at 100°. H^O — 11'9. 

0*1048, dried at 100°, gave 0*2470 COo and 0*0490 H 2 O. 
0 = 64*2; H = 5*2. 

C 2 oHx 904 ]S[,HCi, 3 H 20 requires H 20 = 12*6 per cent., and the 
anhydrous salt requires C = 64*2; H = 5*3 percent. 

Hydrohromide, — The addition of boiling dilute potassium 
bromide to the boiling solution of the hydrochloride gives a brick- 
red precipitate ^vhich consists of groups of striated prismatic 
needles. For analysis, it was dried at 100°: 

0*0810 gave 0*1705 CO 2 and 0*0343 HoO. C = 67*4; H=:4*7. 
C 2 oHj 904 N,HBr requires C = 57*4, H — 4*8 per cent.; 

iJihydrQam^hydro^lAh erh erine Metlio sulphate, C 2 ()Hj 0 O 4 lSr,M 02 SO 4 . 
— This derivative is best prepared- by sealing up the finely divided 
base (1 gram) with freshly distilled methyl sulphate (1*5 c.c.) in a 
small tube and shaking vigorously from time to time. There is no 
evolution of heat 011 naixing, and combination takes place only 
very gradually, but is complete in about eight days. The product 
is triturated with benzene, the yellow mass collected hy the aid of 
the pumpy washed with benzene, and recrystallised from methyl 
alcohol, in which it is sparingly soluble. The prisms' which separate 
oil; gradual cooling' are unfortunately so striated as to be unsuit- 
able foF' measurement, and the: substance also becomes opaque when 
exposed' to the air. '/ 

'■'After remaining exposed to the air for eight days, the'' substance'' 
lost only 3*1' per cent, at 1'00°, and on analysis : 

''0*1013 gave'.,0'''2115 00^ and 0‘05'31' ' G = 56*9; 

/ 'requii'.es' 0;~ 57*0;;, :H 5*4 per cent., 

ISihydrQanliydra:epiJ)erh€Tmc- inethosulpliate darkens' above 250'° 
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and melts rather sharply at 260^ with vigorous decoiiipositioii to a 
black froth. The deep yellow prisms from methyl alcohol become 
pale yellow on stirring with water, dissolve very sparingly in the 
cold, blit much more freely on boiling, and the solution gelatinises 
if rapidly cooled. The aqueous solution gives no precipitate with 
aimiionia, and rapidly reduces permanganate even at —5°. 

This niethosiilphate is sparingly soluble in glacial acetic acid, 
and the addition of sulphuric acid produces, at first, no coloration, 
theii a pale green gradually develops j on keeping, the solution 
becomes purplish-black, and the addition of a drop of dilute nitric 
acid changes the colour to intense purple and then to brown. 
When the finely divided methosulphate is mixed with niethyb 
alcoholic potassium hydroxide (15 per cent.), it dissolves, but, on 
boiling, the solution clouds and a pale yellow precipitate separates. 
Idiis was collected, 'washed with methyl alcohol, then with water, 
and dissolved in boiling methyl alcohol, when, on rubbing, minute 
yellow prisms immediately separated which melted at 108—110®, 
and consisted of anhydrocryptopine (p. 497). 

I);hl}’y€lroanJiyd7*oQ'piherheTiM metModidey C 2 oHig 04 N,MeI, is 
obtained as an immediate, very spaxungiy soluble, . ochreoiis pre- 
cipitate when potassium iodide is added to the saturated aqueous 
solution of the methosulphate, but if the soliitiQ|i3 are sufficiently 
dilute and are mixed boiling, a clear sohxtioii may be obtained, from 
which the iodide separates as a fluffy precipitate consisting of 
microscopic groups of needles :■ 

0*1135 gave 0-2176 GO., and 0*0487 HgO. C=52-3; H = 4*7. 

GooHigO^NjMel requires C.=52*6; H=4*6 per cent. 

This methiodide darkens and softens at about 230®, and then 
melts and decomposes at about. 245® to a deep ted syrup. 


Tetrahydroanhydroepiberberm^^^^ 


Ao- 


/V 


0 


>OH, 


MeoA/ 

/ 

OH. 


! I 

CH-N 

I A 
GE^ 


This,, substance is most rmdily obtained' by. the taction, ,of ,'heat 
on; Modihydrocryptopine ■ a-chloride: "(T., .J 9,1,6, 109, 9'35)', .but , it ma,y ., 
also; be ' prepared '.by.; the.i action.; ';of' ;, heat' /on ,'t^ corresponding 
^-chloride (/or*, c//., p. 934); In the case of the a-chloride, the 
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decomposition is conveniently carried out by heating quantities of 
not more than 2 grams of the pure dry salt in a test-tube, drawn 
out tO' a long capillaiy, by means of a sulphuric acid bath. At 
about 270° effervescence sets in, due to the escape of methyl 
chloride, which may be ignited at the end of the capillary and 
burns with a green-edged flame. 

As soon as the frothing has ceased, the tube is taken out of the 
bath and left to cool, when the brown syrup will have solidified 
and the dark product may be purified by crystallisation from boil- 
ings alcohol, from which nearly pure tetrahydroanhydroepiberberine 
separates at once in pale brown needles. An alternative method 
is to convert the crude product into the very sparingly soluble 
hydrochloride (see below), to purify this by crystallisation from 
acetic acid, and, after decomposing the colourless salt with dilute 
alkali, to crystallise the base from much alcohol. 

In the case of the 0-chloride, decomposition does not proceed so 
smoothly, owing no doubt to the fact that this chloride fuses 
with much greater difficulty than the a-chloride. The elimination 
of methyl chloride is best carried out with quantities of not more 
than 2 grams in a test-tube heated in a metal-bath under the con- 
ditions described in detail in the case of the preparation of dihydro- 
anhydroepiberberine from ^'socryptopin© chloride (p. 506). The 
decomposition of the 0-chloride does not begin much below 300°, 
and should not be pushed to completion, otherwise the product will 
be very dark coloured and difficult to purify. Purification is best 
effected by converting the dark resin into the sparingly soluble 
hydrochloride, Grystallising this from acetic acid until it is quite 
colourless, and then regenerating the base and crystallising this 
from much alcohol. 

Preparation of TetraJiydromihych'oe^piherherine iy the Reduction 
of Il?7iyc7foa^?Ji'pd'roepi?>cr6e7'mc, — -In the event of the a- or 0-clilorides 
of wodihydrocryptopine not being available, this method is probably 
the most convenient for the preparation of the tetrahydro-base* 
Crude dibydroanhydrocpiberberine (p. 507) is dissolved in hot 
concentrated hydrochloric acid, the solution diluted with an equal 
volume of water, and boiled with a large excess of granulated tin for 
several hours. The product, diluted with much water, is freed' from 
tin' by means of hydrogen sulphide in the usual inamier, the filtrate 
from' the tin' sulphide" is ■ concentrated ■ and left' for several 'days, 
during: '"which the .sparingly sol ubl©:- hydrochloride '.of ''tetrahydro'-' 
anhydroepiberberine separates. ' ' 'This is',' 'collected, : 'recrystallised,' 
decomposed .by, alkali,' . and the base ''crystallised from,': 'much, 
': alcohol. '7Two'"diff€''rent",'specimenk"''.g'ave the, f ollowing„ .res'ults'"'' on 
'' a'naiysi's: ' 
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0'i015 gave 0-2625 CO 2 and 0*0569 -H^O. C = 70’5^ H = 6'2. 

0*1021 ,, 0*2652 002 ,, 0*0575 HgO. C=:70‘8; H = 6*3. 

0*3965 14*1 c.c. N2 at 15° and 758 mm. N=:4*2. 

C20H21O4N requires 0=70*8; H = 6*2; N = 4‘2 per cent. 

7^cf-/‘n%r7roan/i3/^7roepi5€?*5e7’«V2c melts at 170 — 171° and is spar- 
ingly soluble in boiling metbyl alcohol, but somewhat more readily 
so in boiling ethyl alcohol, from both of which it separates in colour- 
less needles. It is sparingly soluble in cold acetone, moderately 
readily so on boiling, and ciystallises on slowly cooling in prisms ; 
boiling benzene dissolves the base freely, and, on cooling, it 
separates in prismatic needles. In purifying specimens of the 
base, which are highly coloured, acetone is the best solvent. 
Tetrahydroanhydroeptberberine does not exhibit the tendency so 
marked in the case of tetrahydroanhydroberberine of separating 
from solvents in stout, well-developed prisms, and unfortunately all 
attempts to obtain it in a state- suitable for measurement have so 
far been unsuccessful. The solution of a crystal in a drop of acetic 
acid gives at first no coloration on the addition of sulphuric acid, 
but gradually a violent tint develops. 


Salts of Tetrahpdroa?thydro&pih erb erine. 

Hydrochloride^ C2oH2i04N,HCl. — ^The finely powdered base is 
immediately converted by moistening with dilute hydrochloric acid 
into the sparingly soluble hydrochloride, which separates from 
much boiling water in microscopic bundles of needles like fern 
fronds: 

0*1140 gave 0*2687 CO. and 0*0608 HoO. C = 64*3; H = 5*9. 

C2<)H2 i 04N,HC1 requires C = 64*0; 11 = 5*8 per cent. 

In its properties, this hydrochloride resembles the sparingly, 
soluble hydrochloride of tetrahydroanhydroberberine, but it 
appears to be even ' less readily .soluble than the ' latter in dilute 
hydrochloric acid, and must be classed as one of the least 
readily soluble of alkaloid hydrochlorides. When it is heated in 
a capillary tube, the upper, surface' in contact with air begins to-, 
darken at 195— 200°, and, becomes .orange-red, whilst the remainder 
is .scarcely discoloured ; at 285 — 290°^ the whole melts -with vigo.rous 
effervescence ,,to an' orange-red iroth. , .Highly coloured specimens 
of the hydrochloride are /readily, obtained colourless by re-crystal-, 
.lisation ,:,.from^, glacial acetic-,' acid, im which ' the 'Salt is, sparingly 
soluble' and' from- which, it sep,arates in colourless nodules or circular, 
.warty -groups, the '. colouring 'm'atter .'remaining';' alm.,ost,,. entirely, ,.'in 
the mother :,''liquor.-y ./ 



PERKm: BPIBERBBRINE. 


513 


Tiie sidfhate is ' miicli more readily soluble tban the hydro- 
cliioride^ and separates either as a jelly or as a voluminous mass of 
bent and striated needles. When the aqueous solution of this salt 
is boiled^ a very sparingly soluble sulphate gradually separates as 
a sandy powder. 

The nitrate separates, on the addition of dilute nitric acid, to 
the hot solution of the sulphate, as a very sparingly soluble, 
crystalline powder. 

Tetrahydroanhijdroe^iherher^^^^^^ Methosidpliate and its Con- 
version- into Anliydrodalinjdrocryido'pirie (A and B). — When teti’a- 
hydroarihydroepiberberiiie (3 grams) is mixed with freshly dis- 
tilled methyl sulphate (4 c.c.), the mixture becomes very warm, 
liquefies, and then sets to a stiff paste of the methosulphate, which 
may be freed from the excess of methyl sulphate by washing with 
benzene and then be crystallised from methyl alcohol. A more* 
convenient method of preparation is to dissolve the base (2 grams) 
in boiling benzene (10 c.c.), and, after cooling until crystallisa- 
tion just commences, to add freshly distilled methyl sulphate 
(3 c.c.). 

The clear solution soon begins to deposit tbe methosulphate as 
a hard crust, which is collected, -washed with benzene, and crystal- 
lised from methyl alcohol. An air-dried specimen of the needle- 
shaped modification of the substance which separates from water 
(see below) appears to have the formula C2oH2i04N,Me2S04,3H20 : 

0*7220, air-dried salt, lost 0*0834 at 100°. 1100 = 11*5. 

0*1201, dried at 100°, gave 0*2486 COo and 0*0635 HoO. 
C = 56*5; H = 5'9. ■ ■ 

C2 qH 2 i 04N,M©2S04,3H20 requires H2O = 10*4 per .cent., and the 
anhydrous substance requires 0 = 56*7, H = 5*9 per cent. 

Tetrahydroanhydro&piher methosidpliate and decom- 

poses at about 255 — 260°; it is sparingly soluble in cold methyl 
alcohol, but readily so on boiling, and separates in large, colourless, 
prisms. It is sparingly soluble in cold water, but dissolves readily 
on boiling, and the solution either sets to a jelly or deposits the 
substance in groups of hairs. At some concentrations, the" metho- 
sulphate. is deposited in groups of .striated prisms; the liquid "then 
becomes:" filled with glistening needles, 'and when.,warmed the needles 
dissolve f and the prisms' remain. It is . therefore probably ,, 
dimorphous. ' ■ ■ ^ ; , ■ ■ 

.The hot dilute aqueous solution'' of the metho,sulphate' gives, 'on 
the 'additiO'U ' of' . boiling , dilute.' . potassium iodide, a ; ' clear ' ' solution, 
from w'hich the : iodide separates as ,.a' voluminous mass , of ,fine:' .hairs. 
This substance' is i?o,dihydrocryptopine ■ a-iodide, sincer, ' it' melts ,' , at 



516 


PEEKIJT : EPIBEEBEEINE. 


acetic acid (30 c.c. of 25 per cent.), adding a solution of mercuric 
acetate prepared from 4*5 grams of mercuric oxide, and, after 
remaining over niglat, heating on the steam-bath for half an hour. 
The product is worked up exactly in the way explained' in detail 
in the case of the corresponding oxidation of tetrahydroanhydro- 
fpiberberine (see above), and yields about 2 grams of pure 
ej:?iberberinium chloride (see analysis 2). 

'^r^iBerherini-mn chloride^ C2QH2g04NC1,4H20, separates from 
water, in w-hich it is comparatively readily soluble, in brilliant 
orange needles, which when dry have a striking, satiny lustre. It 
is much less readily soluble in dilute hydrochloric acid than in 
water, and is best crystallised by adding concentrated hydrochloric 
acid to the moderately concentrated aqueous solution. It is very 
sparingly soluble in boiling methyl alcohol, but separates beauti- 
fully ill striated, orange needles; on the other , hand, it dissolves 
readily in hot glacial acetic acid, and crystallises well from this 
solvent. When the glistening, orange needles of the chloride are 
moistened with methyl alcohol, they lose their lustre and become 
an opaque chrome-yellow powder, a change doubtless due to the 
loss of the water of crystallisation : 

(1) 0T136, air-dried salt, lost 0*0139 in the steam-bath at about 
90^.’ H20=:12*2. 

0*0997 then gave 0*2273 COo and 0*0472 H^O. C = 62*1 ; H = 5*2. 

(2) 0*1073 dried at about 90^ gave 0*2437 CO. and 0*0491 H.O. 
C = 61*9; H = 5*l. 

C2 oH|s 04NC1,4H20 losing 3IT20 = 12*17 per cent. 

C2,oHjg04NCl,H20 requires C = 61*6; 11 = 5*1 per cent. 

Ill an experiment in which the salt had been heated in an air- 
bath at 100 — 105°, it had dai'kened somewhat and gave €7=63*7, 
H = 4*8, whereas ,C2 oH 4 s 04NC1 requires '0 = 64*6, ,H = 4*8 per cent.' 
The salt was therefore practically anhydrous. 

' The separates as -a' bright 'orange -red precipitate 

when' platinic ■ chloride is a'dded to the : *warm , solution, of 
cjjiberberinium chloride in dilute hydrochloric acid : 

■ . '0-1148',' gave 0*1878 .CO^ and 0*0351 H2O. / C = 44*6 .H'= 3*4. 

' , (C2QHj304NCi).2PtCl4 requires' G.=.44*4;, H = 3*3 per cent. 

'^piBerherinium sidphate is obtained .when' hot, dilute sulphuric 
"acid is added, to .a concentrated solution of. the chloride as a bright 
;yelloW' salt which" crystallises, in needles. 

The ■ charaeterist,ic'.|?icrai^e' 'separates- as an orange, amorphous 
precipitate" when, .picric 'acid is added "to -a, hot dilute' soluti,o,n, of the 
"chloride.,' ' It melts not very sharply. at 222° with 'decomposition,.. and 
is very", 'sparingly soluble even in 'much ' boiling 'water. " It is'' 'also 
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very sparingly soluble in boiling alcobol, in wliicb it dissolves to 
tbe extent of about 1 gram in a litre, and, on cooling, separates 
almost completely in flat, microscopic needles melting at 222°. 


Action of Sodium Hydroxide on e^iBerheriniurn Sulphate. 
Formation of ^piBerherine {BpiBerherinaF)^ Oxyepiberheriae^ 
and DihpdroanhydroBpiherber^^^^ (compare p. 500). 

In the introduction to this communication (p. 501), it is ex- 
plained that berberine (berherinal) is readily obtained by treating 
berberinium sulphate with concentrated aqueous sodium hydroxide 
and extracting with ether (Gadamer, Arch. Pharm., 1905, 243, 
34), but this process has not been found so successful in the case 
of e^jfberheriniuni sulphate. The best result is obtained when an 
excess of sodium hydroxide (50 per cent.) is added to a solution 
of berberinium sulphate (5 grams) in 500 c.c. of freshly boiled 
water. The ochreous precipitate which separates is rather 
sparingly soluble in ether, and the Altered ethereal solution begins 
almost immediately to deposit needles of oxye^iberberine (see 
below). If, however, the ochreous precipitate is immediately 
collected in an atmosphere of coal gas, it is almost completely 
soluble in dilute hydrochloric acid with the formation of 
<3p'iberberinium chloride, and yields, on analysis, numbers agreeing 
approximately with those required for the formula of ^pfberberine : 

0‘1090 gave 0*2693 CO. and 0*0540 H^O. 0=67*4; H = 5*4. 

C 2 oH 3 , 905 N requires C = 68'0; H = 5*4 percent. 

Oxidation takes place rapidly when the moist substance is left 
in contact with air, and in the course of a few hours a consider- 
al)le portion will be insoluble in dilute hydrochloric acid and consist 
of oxy<3p '/’berberine:.' 

.Completely sa,tisfactory results were obtained in investigating the 
conversion of ^///berberinium sulphate into oxycpiberberine and 
dihydroanliydro^^piberberine by the- action of concentrated sodiu.m 
hydroxide. This decomposition . is analogous to that described in 
the case of the action of sodium hydroxide on berbermium sulphate 
(compare Gadamer, Zoc. cit.^ pp. 35 and 36). 

The sulphate (3 grams) is thoroughly mixed with sodium hydr- 
, oxide ','(12 „c.c. of 20 "per cent.),-, the .flask containing ' the" mixture 
placed in cold water, and the vrater. gradually raised to the boiling 
■point' an'd' kept ,at - this; temperature -.for an hour; ' The product/ 
which 'is not so- dark-coloured .as iii' the case of the corre'Sponding' 
.ex,perime;nt with, berberinium sulphate,. is^ 'diluted with much water, 
Altered ' by , the aid O'f the P'Ump," the'-ochreous powder i "Washed,,, 'and 
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tlieii warmed with excess of very dilute hydrocliioric acid, when 
dihydmanhydro'epiber'berine dissolves and a pale ochreoiis mass 
with a satin}’^ lustre remains, which consists of nearly pure oxjejii- 
berberine. Tliis was thoroughly washed, dried in the steam-oven, 
dissolved in a little glacial acetic acid, and allowed to remain in a 
closed test-tube, when deep' yellow needles of O'Xijefiberherine 
acetate separated. This was collected, washed with acetic acid, 
and dried between filter paper : 

0- 1368 gaved-3221 CO^ and O’OGM K2O. C==64-2; H-5*2. 

^20^17^5^:^2^402 requires 0 = 64-2; H = 5'l per cent. 

On exposure to moist air, this acetate gradually becomes opaque, 
owing to loss of acetic acid, and oxyejhberberine remains. The 
acetate is readily soluble in acetic acid, and if the solution is mixed 
with two volumes of boiling water, the clear liquid soon hecomes 
filled with needles of oxy^^iberherine. When the acetate is heated 
in a capillary tube, it becomes paler at about 110° and melts at 
238 — 240°, the atmosphere of acetic acid having no effect on the 
melting point, which is that of oxyepiberherme. The acetate is 
quantitatively decomposed at 90 — 95 ° into acetic acid and 0'Xycy>?V 
berberine, as the following experiment shows : 

1 - 2052 lost at 90— 95° 0 * 1736 . C2ll40o = 14-4. 

■ C2 oHi 705N,C2H402, requires .C2H402=14'6 per cent.' 

The residue of pure oxt/e^iherherine was analysed; 

0*1260 gave 0*3145 CO2 and 0*0557 HoO. 0 = 68*1; H = 4*9. 

C20H17O5N requires 0 = 68*3; H=4'8 per cent. 

.. .Oxpe'piherherme gradually darkens above ,210° .and' melts 
.approximately at 240 — 241 °; to a dark brown .vsyrup, .It, is very 
sparingly soluble even in boiling' alcohol, and .separates in , well- 
developed rhombic plates, the angle of the rhomb being ' 66° ; 'in 
polarised light, diagonal extinction.' . , ■ 

Bih^droanh^/droej^iber^^ — The hot dilute hydrochloric acid 

filtrate which had been sepai-ated .from the. oxye^p’iberberine, as ex- 
.'plained ' above, was mixed with more hydrochloric acid and left in 
the ice-chest, when it deposited a voluminous mass of 'slender, orange' 
' needles.' " "This salt' was collected,' recrystallised from dilute hydro- 
ehloric ''acid, dissolved in hot water, and rendered alkalin.© with 
ammonia,.' when a milky liquid, resulted which was extracted with 
much 'ether. .After rapidly drying over po'tassium, carbonate and, 

'■ concentrating, 'striated, lemon-yellow prisms separated, on keeping, 
"which melted'.at 172°, and consisted 'of dihydroanhydrocpiberberine 
(Po'und'':''.':e'=,7'l'*0''-'^^ .requires C'=7.1*2 ; ' H",= 5.*6 

'"per' bent. .;':;Gompare','p,.'."50S).^ 
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isoOmjefiherherine (compare p. 501). 

The coiiversioii of oxyherberine into -^s-ooxyberberine takes place 
gradually when the former is heated wnth dilute hydrochloric acid 
at 13.0° (Bland, Perkin, and Eobinson, T., 1912, 101, 264), but 
recent experiments have shown that the change occurs much more 
readily and completely when a temperature of 150 — 160° is 
employed. 

In attempting to convert oxyepiberberine into isooxyejyi- 
berberine, the conditions originally employed in the case of the 
corresponding conversion of oxyberherine into ?‘soaxyberberine 
were adhered to, and the temperature was kept at 130° for five 
hours, but, on working up the contents of the sealed tube, prac- 
tically the whole of the oxyc^iberberine was recovered unchanged. 
Some slight action had taken place, because, on opening the tube, 
the liquid on the sides of the walls became coloured purple by the 
action of the air. When, however, the experiment was repeated 
at 150 — 160° for six hours, complete transformation had taken 
place. The contents of the tube were filtered by the aid of the 
pump, the residue washed and bailed out with glacial acetic acid, 
in which 'fsooxy^spiberberine is very sparingly soluble. The 
ochreous mass was then dissolved in boiling pyridine and filtered, 
when the substance separated as a voluminous mass of microscopic 
needles. It was collected, washed with hot methyl alcohol, and 
dried at 100°: , 

0-0984 gave 0-2473 CO^ and 0-0448 0=68-5 ; H = 5-0. 

C20HJ7O5N requires C = 68-4 ; H =4*8 per cent. 

isoOxyepibeicherme scarcely darkens at 270°, but gradually 
blackens at 300° without melting. It is almost insoluble in the 
usual solvents, including boiling glacial acetic acid, in which the 
isomeric 'isooxyberberine is comparatively readily soluble. A trace 
of the substance, , rubbed on. the 'sides’ of a test-tube, is coloured 
violet by sulphuric acid and dissolves to a pale brown solution; in 
the case of a similar experiment with nitric .acid, the substance . is 
coloured violet. and dissolves to a deep . bluish-violet solution, which 
becomes , peimianganate colour. ..on .the addition 'of water. ''When; 
the suspension of the 'substance '.in'- 'alcohol is. mixed., with', ferric' 
chloride- and ■ warmed, 'a "green. ' colo.ur -.'develops. A' very 'delicate, 
reaction is obtained by dissolving a'. .'trace' of isooxjepihexhBniie in 
boiling 'glacial acetic ■ a-cid, cooling,., and .adding , an equal ■ volume'; 
of sulphuric .acid. -T'he' additio'u-.of a drop.'of dilute nitric.- acid 
' the' pale .'-yellow solution .produces a' 'm'ost. intense violet coloration; 
;■ ..and' 'this, '.'on "'dilution' ' 'with''''-' -'water, '; becomes magenta'.- 'isnOxy- 
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berberiiie- is insoluble in aqueous or alcoholic alkali even on boil™ 
ing (compare loc, cit.^ p. 264), but «>ooxy^piberberiiie is coloured 
deep brown by nietbyl-alcobolic potassium hydroxide, and dissolves, 
on warming, to a brown solution, from, which a crystalline sub- 
stance — probably a potassium salt — separates. On the addition of 
water, a brown solution is produced, from which acids liberate a 
flocculent precipitate. It appears, therefore, that 
berberin© is more readily hydrolysed than is isooxyberberine. The 
addition of beiizeiiedia 2 :onium chloride to the brown alkaline solu- 
tion in aqueous alcohol gives, at first, a rather feeble brownish-red 
colour, but, on warming, this becomes very intense. 


Ao' 

JO' 


>CH, 


0-Me t hy Zepi herheriney 


MeO| 


/\/ 

9®^ CH-OMe 

11 1 
C— N 

1 

CHg 
OH, 


0-Ethyl^’^ih ej'h erine, and Anhydro^-^ih erhennt-acttone . 


O-Methykpiberberine is readily prepared from epiberberinium 
chloride or sulphate, either by the action of methyl -alcoholic 
potassium hydroxide or of sodium methoxide, and of these the 
latter is to be preferred, , 

(1) ^^piBerberiiiiuni chloride loses its brilliant colour when it is 
mixed with methyl-alcoholic potassium hydroxide (10 per cent.), 
and a ' pale ' drab, crystalline .precipitate separates, especially o.u 
warming .gently. . 

.' This was collected, washed with methyl alcohol,' then with, water, 
and again wdth methyl alcohol, and found to consist of practically 
pure '. 0-methykpiberberine. For the analysis given below, a little 
of it was rapidly recrystallised from methylal, from which it 
separated in yellowish-brown prisms. 

■ (2) The best, method' for preparing the 0 -methyl derivative is 
the following: epiBerberinium chloride (2 grams), suspended in 
methyl alcohol, is heated, on the steam-bath, sodium (1 gram)' dis- 
solved '.in 'inethyl alcohol ' added, and the whole rapidly filtered. 
Crystallisation ". begins ■ at ■ once,, and pure 0-methyl epiberb erine' 
separates, in;., a ' most hea'utif ul manner in .glistening, . old-gold, prisms.' 
After ' remaining ':until cold, .'these.- were, edllected : -and washed ' with' 
'....methyl "alcohol, 
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Tlie following analyses were made with, specimens obtained from 
eack of the above methods of preparation: 

(1) 0-1088 gave 0*2723 CO^ and 0*0570 H^O. C = 68*3; H-5'8. 

(2) O-llll ,, 0*2798 CO2 ,, 0*0582 HgO. 68*7 ; H==5*8. 

C21H01O5N requires C = 68'6; H = 5*7 per cent. 

0-M ethijle^ih e7'‘'b erine melts at about 150 — 152^ with decomposi- 
tion to a black froth. Attempts to recrystallise it with the object 
more particularly of obtaining crystals suitable for measurement 
and comparison with 0-methylberberine were unsuccessful. This 
is mainly due to the fact that the substance, undergoes decom- 
position on boiling wdth such solvents as methyl al or methyl alcohol, 
and a substance separates which melts at about 230 — 240°, and 
was readily identified as oxy^^piberberine (p. 518). 0-Methybp>i- 
berberino is immediately converted by dilute hydrochloric acid into 
a deep orange-red salt which crystallises from dilute hydrochloric 
acid in brilliant orange needles, gives no precipitate when ammonia 
is added to its aqueous solution, and consists of <;p?‘berberiiiium 
chloride. 

0-Et}iyl%i^iberherine) prepared in a similar 

manner to the 0-methyl derivative by boiling e^^iberberinium 
chloride with alcohol, adding excess of sodiujn ethoxide, and 
immediately filtering by the aid of the pump, when, on keeping in 
the ice-chest, circular, crystalline masses soon begin to form. After 
twenty-four hours, these were collected, washed first with alcohol, 
then with water, and dried at 80° : 

0*1109 gave 0*2808 GO2 and 0*0598 HgO. C=69*l; H-fi'O, ' 
C22H2a^5^ requires 0=69*3 j H = 6‘0 per cent. 

0~^if/ryZepi&er5cnw.e melts and decomposes at about 135 — 136°, 
and is sparingly soluble in boiling alcohol, from which it separates 
ill groups of striated needles. It is apparently not so readily con- 
verted into oxyep-iberberine -as 'the corresponding 0-inethyI deriv- 
ative. It dissolves readily in boiling dilute hydrochloric acid, and 
cpiberbexmium chloride separates on cooling. 

AnhydroQ^iherherine'^eetone ,'C20Hj8(CIl2*COMe)O4N. 

0~Methykp7berberine dissolves readily in boiling acetone, and, if 
the solution is ' concentrated and set aside, - a crust of yello-w- prisms 
of anhydrocpiberberine-acetone gradually separates, but this sub- 
stance does not crystallise , with’ the same facility nor is it so. highly 
characteristic as'anhydroberberine-acetone. After recrystallisation ' 
'from/acetone, the substance melted not; very sharply at about 162° 
and, gave the following, results. on analysis,: ' 

\0* ,110.7. gav©;0*2846'';CO2:;,and;0*0586:;''H2O.'vC=70*-lj;.H;=-5 
CgsHggPs'N.^requires C,'==''T0''2'.;.' H =,5',0 - per . ,ceiit. 
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Xlllh-Water-in-oil Eimdsions. 

By Alfred Ulrich Max Schlaepfbr. 

With a system consisting of two liquid phases, A and 5, it is 
theoretically possible to obtain two classes of emulsions, namely, 
emulsions, in which A is the disperse phase and B the 
medium, and B -in- A emulsions, in which R is the interior and A 
the exterior phase (compare Wo. Ostwald, Kottoid Zeitsch.y 1910, 
6. 103). ' 

At first, the power of producing emulsions was exclusively 
attributed to substances which, when dissolved in one of the liquid 
phases, reduce the tension on their interface, thus facilitating the 
dispersion of one of them in the other. 

Pickering (T., 1907, 91, 2001) was the first to prove that it is 
possible to obtain emulsions of hydrocarbon oils in water by means 
of solid emulsifiers, such as precipitates of basic copper sulphate, 
basic iron sulphate, etc., which are insoluble in either liquid and 
are moistened more by water than by the oil. He showed that 
the finely divided particles of the emulsifier form a coat over the 
oil/ droplets, 'preventing their coalescence. . The action of "the, 
particles ,of hydrophile colloids, such as soap, etc., which had long 
been known. as.' excellent emulsifiers, he considered to he similar to 
that of the grains of basic copper sulphate. 

' , 'Pickering, showed, , also that the- type '.'of an einulsion is largely 
.' i,iidepe,ndeiit of the proportions in which: the ,two phases are present 
when, he prepared ,emulsio,ns of kerosene ' .(disperse 'p,hase) 'in dilute 
soap,' solution (medium) containing up'" to 99 per ce'Ut. of kerosene 
in' a "l p'cr ,cent. soap , solution. ■ , Such 'emulsions, in which the' dis- 
,,'p,6rse phase', is greatly in excess, over the medium, show an extremely 
,' high viscosity.' ■■Pickering., 'did not ■■ consider ' .the possibility ' of 
'. ■making ■emulsions' of w,ater ,in 'oiL. 

' ',''As: 'Bancroft '■(/,. G hem. , 1^12, 16, 475)' pointed' O'Ut in 

.■., h,i,s.',.dis,cus8ioii'"'of','Pick,ering''.S'’.' results, .it IS'' to be expected " as their' 
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corollary tliat insoluble particles, wbicb. are more easily moistened 
by oil tlian by water, will Have a tendency to^ facilitate tb© emulsi- 
fication of water in oil. In otber words, if tbe solid particles of 
tlie emulsifiers have a lower surface tension with the phase A than 
with the phase B, it is to be expected that an emulsion will be 
formed with A as medium and B as disperse phase, and vice versa.. 

Newman (/. Physical Chem., 1914, 18, 34) found that soaps 
of certain alkaline earths, especially those containing magnesium , 
were excellent emulsifiers for emulsions of -water in benzene. He 
showed also that mixed paints which contain a certain amount of 
water are to be considered as emulsions of the watex'-in-oil type. 
He drew tlie conclusion that in the latter case the emulsifying 
properties are to be ascribed to rosin and not to the pigment. 

The experiments described below are concerned with the pre- 
paration of water-ill-oil emulsions with the aid of a finely divided 
solid insoluble in both liquids, which is more easily wetted by the 
oil than by the water phase. 

Experimental. 

Materials Used, 

EeroseMS, — water-white kerosene fraction 0*785) -was re- 
distilled over sodium. Distillation by Eedwood’s method gave the 
following result : 

Distillate per cent. 0 10 20 30 40 50 60 70 80 00 05 
Boiling point ...... 156® 158° 160 ° 161 ° 166 ° 170° 174° 176® 182° 192® 208° 

CarbO'Ji ; — Best American carbon black (gas black, soot) was ex- 
tracted for two days with hot benzene. 

The distilled water was obtained from a tinned copper still. 

The following experiments were carried out with these materials. 

Experiment 1.— Thirty c.c. of -water, 70 c.c. of kerosene, and 
,'I:gram of carbon were shaken together in a flask. In this- way, 
an emulsion was obtained which contamed water as the disperse 
phase.' This could easily be -shown on a watch-glass by the fact 
-that the 'emulsion mixed freely with kerosene, but not with' water, 
blinder a ' microscope,' it was' found that the droplets of water , were' 
novered -with a dark brown.skin '.of.. adsorbed, particles /of carbon., 
Those . particles, which were not'- adsorbed ■ formed aggregates in .the 
kerosene ■ , phase . ' - ■ The ■ /'emulsion . waS'- . liquid . / After - remaiiiing - : 'f or 
'.' one day,,', it ,-.-sep,arated dnto', 'pure'"kerosene, ' floating on the top,' -and,, 
.'a viscid emulsibii -which- was' .'st-ill,. of. th©' watei-in-kerosene type and 
-was .■ stable .for ,'Seve,r.al. w,'eeks;. 

- E'trp^riment'' 'C.c.,/: -of-,; wa'ter, 30 in.o; ,' 'kerosene, /'aiid\. 
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1 gram o^f carbon were shaken in a flask. In this, as in the other 
experiments here described, it was immaterial whether the carbon 
was added first to the water or to the oil or to both when mixed. 
The enmlsioii mixed freely with kerosene but not with water, and 
was therefore again of the water-in-oil type. It was so viscid that 
it did not flow out of a reversed test-tuhe. It kept for more than 
a week without altering. 

To show the influence of the quantitative proportions of the two 
phases more clearly, experiments were made in order to determine 
the time of flow of the emulsions from a 5 c.c. pipette. For the 
same pipette (all experiments were carried out at about water 
required on an average 3*3 seconds and the kerosene 3*5 seconds. 
The results of these experiments are shown in the table on p. 525. 

In this case, the emulsions were prepared in the manner recom- 
Biended by Pickering, by alternately filling and emptying a garden 
syringe. The number of strokes, which is a crude criterion of the 
amount of mixing, has a certain influence on the viscosity of the 
mixture. The table clearly shows the enormous increase of 
viscosity which is produced by an increasing proportion of the inner 
phase. 

In experiments 7 and 8, it was not possible to get all the water 
into the emulsion. It is worth special notice that neither in these 
nor in any other similar experiments w^as it ever possible to obtain 
an emulsion of kerosene in water with the aid of carbon. When 
the amount of water was too large to be carried by the kerosene, 
an emulsion with less water was formed, together with an un- 
altered residuum of water. Since the size of droplets occurring 
together changed within a large -range,, especially in the emulsions 
containing a large ' amo-unt of . water, it does not seem justifiable to 
.make any, speculations on the fact -that' the Hmit.of stability under,; 
-the ' described conditions ,-was'-, about .■ 70 per , cent, water-content 
, '{compare Wo, Ostwald, lac» dt.)^ More, -water could be added d3y 
stirring, but in consequence of' the considerable-' tension on the 
interface of the two liquids, the droplets stirred in were large. It 
''might, o'f course, be possible . to- obtain e-mulsions of higher water- 
concentration; with carbon -black if- a fourth compound were added 
to .lower - the surf ace tension between the two liquid phases. 

-Similar emulsions could be made in an analogous way, using 
turpentine,, benzene, toluene, etc. , instead of ' kerosene. 

,,, 'It' ' may - be stated that carron' oil,' the well-known liniment for 
B.urns -which is . prepared with' 'lime-water and linseed or rape oil, 
is-,- an emulsion of the water-in-oil type, 'whilst embrocations are, 
-weir known '.to be' of the- oil -in-water type. '-. 

-Carroll' oil- mixes., freely with 'organic solvents, but not with water ■ 
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wifclioilt shaking, and easily dissolves oil colours, but not dyes 
soluble ill water. 

Summary. 

(1) It is possible to make emulsions of water as disperse phase 
in, organic solvents with the aid of finely divided carbon as 
emulsifier. 

(2) The carbon particles, without leaving the oil phase, form 
a skin over the water droplets, preventing their coalescence. 

(3) The order in which the ingredients are added does not make 
any difference to the final product. 

(4) The emulsions obtained in this way are the more viscous the 
more water they contain. 

(5) Carroll oil is a water-in-oil emulsion. 

Boyao ScHOon of Mines, 

South Kensington, 

London, S.W. 7. ' [Beceiwd, 1918.], 


XLIV . — The Relationship between the O^ytical Rotatory 
Powzrs andth^ R dative Oonfigurations of Optically 
Active Compounds. The Influence of certain In- 
organic Haloids on the Optical Rotatory Powers 
of a- Hydroxy -acids, a- Amino-acids, and their 

' ^ Derivatives. 

By George William Cloxtgb. ' 

The Walden Inversion. 

The discovery of the .phenomenon known: . as, the Walden inversion 
was made in connexion with transformations of certain derivatives 
.of succinic ' acidj and it therefore seemed possible that the change 
of configuration .was due ■either to ■■the presence of an atom of 
hydrogen attached' to^ the asymmetric carbon , atom or to the fact 
that' the. 'Optically' ' active compounds' in question were carboxylic 
acids.,' Although the configurative change 'may b© due to on© or 
both^ of these,' causes in certain ' .cases, it has been shown' that a 
Walden ■ inversion' can be 'effected ' in a compound containing a 
tertiary; asymme'tri'C carbon atom (McKenzie and .Clough, T., 1-910,. 
":1016)',:''"'an<i.' also in compounds which do not contain a carboxyl 
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group. In Ills studies on this piienomeiioii , Pisclier observed that 
til© action o^f a reagent on an ester frequently yielded a compound 
of the enantiomorphous configiiration to that of the compound- 
produced by the same reagent on the correspoiidiiig acicl, and in 
such examples he assumed that the action on the ester was not 
accompanied by change of configuration. That an inversion is 
possible in the case of an ester has been shown by the fact that , 
phosphorus pentachlorid© and thionyl chloride yield chloro-esters 
of opposite signs when they react with the same optically active 
ethyl a-phenyl-lactate (McKenzie and Clough, T., 1910, 97, 2564). 
Further, it is not necessary that the optically active compound 
should contain either a carboxyl or carhalkyloxy-group, for it has 
been found possible to effect the interconversion of the optically 
active phenylmethylcarhinols (T., 1913, 103, 687). 

Several attempts have been made to decide in which reactions 
an inversion occurs by employing certain assumptions regarding 
the mechanism of the reactions in question (Armstrong, T., 1896, 
69, 1399; Gadamer, €hem. Zeit,, 1910, 34, i004; 1912, 36, 1327; 
Biilmann, Annalen, 1911, 388, 338). It has been shown that 
Biilman As hypothesis cannot be applied to all the examples which 
have been investigated (McKenzie and Clough, loc, cit.); and, 
moreover, Senter and Drew's experiments (T., 1916, 109, 1091) 
concerning the influence of the solvent on the rotatory sign of the 
phenyiaminoacetic acids produced by the action of ammonia on 
the active phenylchloroacetic acids emphasise the difficulty of drawing 
conclusions regarding the specffic action of a reagent from considera- 
tions of the probable mechanism of the reactions. It may still be 
said that ‘‘there does not exist at the present time any criterion 
whereby the relation between the configuration of an optically active 
compound and that of a derivative from it can 1)6 decisively ascer- 
tained'' (Franldand, T., 1913, ^ 

Accordingly, it seemed desirable that the problem should be 
investigated by an entirely different method. The present author 
■■ has;, therefore made, experiments, with' the object, of , ascertaining' 
whether the measurements of the rotatory powers of similarly con- 
„■ stituted compounds would 'reveal regularities ,betw,een the rotatory 
values and the relative configurations of the active compounds. In 
" ' 'such '.an investigation, it is necessary to. consider the influe.nce: of 
the .' con.ditions ' (temperature, . solvent,.' . and,' concentration) ' 'on' ; the'' 
rotatory" powers' of each,;, compound, and 'also to study, the relative 
, , effects 'of: "substituents introduced-.. into ■ the groups- attached,, to. .the' 
asymmetric' carbon atom". ' ,-,''It - would, . indeed, .be .impossible 'to-'., -draw; 
-a -sharp ; distinction, .between- these"-,two.' methods',. of- pro'cedure-'.if ' the 
, , - assumption: '- is-, ' made that ' " some'.'- -solvents 'form-,' /labile - a>iBpo.'Un'-dS', 
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with the active solute (compare Walden, Ber.^ 1905, 38, 408). 
When it is also recalled that the^ work of Pickard and Kenyon has 
brought tO' light surprising regularities when the rotations of 
derivatives from a' given compound are measured for light of' 
different wave-lengths, it is evident that an entirely satisfactory 
comparison of the optical rotatory powers of two parent compounds 
can be made only when the rotatory powers of the compounds and 
their derivatives have been measured under many varying con- 
ditions. Fortunately, the labours of Frankland, Giiye, Purdie, 
P'atterson, Walden, and others have resulted in the accumulation 
of much data available for a comparison of the rotatory powers of 
the common optically active aliphatic a-hydroxy-acids, whilst the 
publications of Fischer contain rotation constants for the majority 
of the active a-amino-acids. The measurements made by the 
author are by no means as comprehensive as could be wished, but 
it appears desirable to place on record the results which have been 
obtained for several a-hydroxy- and a-amino-acids, and to discuss 
these from the above point of view, especially as conclusions have 
been drawn concerning the relative configurations of compounds of 
the sugar series from a consideration of their rotatory powers 
(Hudson, /. Amer. CMm, Soc,y 1917 , 39, 462). In the present 
paper, attention is directed particularly to regularities observed in 
the effect of temperature and of certain inorganic haloids on the 
optical rotatory powers of some a-hydroxy- and a-ammo-acid>s and 
esters in aqueous or methyl-alcoholic solution. 

a-Hydroxy^acids and their Dew 

In previous communications (T., 1914 , 105 , '49 y 1915,' 107, ' 96. 
1.509), it. has, been established that. the optical rotatory powers of 
eonfiguratively .'s'imilar hydroxy-derivatives of ' succinic acid con-' 
t'aining a carboxyl or carbalkyloxy-group arein'fluenced in the same 
sense by the presence of the haloids of the alkali or alkaline earth 
metals' .in aqueous solutions. ■ These salts ■ diminish considerably the 
■numerical values for the', 'specific ro-tatory 'powers and frequently 
reverse the sign of' rotation. With the view of ascertaining whether 
' Other hydroxy-acids and esters are, . in this respect, similar to malic' 
and tartaric acids, the^ author has examined the rotatory powers 
of Z-lac'tic acid, 'methyl 'Mactate, and ^^-gly ceric acid in aqueous 
solution and in aqueous solutions of certain neutral salts. , It is 
well known that Z-lactic' acid, which is lasvorotatory in aqueous 
solution, yields dextrorotatory salts and esters. The'^ 'tevorotato^ry 
po^weC' of this 'acid in aqueous solution diminishes with rise of tempera- 
ture, and is ultimately reversed. 'The influence of ' temperature oil; tlie ■; 
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optical rotatory 'power ot /-lactic acid in aqueous solution is tJiiis 
similar to that on in-ethyl /-lactate in the hoiiiogeiieous condition, 
for Pattexsoii . and . ^Fo-rsyth observed that rise of temperature in- 
creases the dextrorotatory power' of. this ester (T., 1913, ,103, 2263,),.. 
The presence of sodium or barium haloids increases the lEevorotatory 
power of /-lactic acid (table I), and similarly the dextrorotatory 
power of methyl /-lactate in aqueous solution is diininislied or 
reversed by the salts emj)loyed (table II) . The rotatory values 
being usually small, the measurements recorded are for merciiry- 
green light (A = 5461). 

Table I, 

The Inflnience of Soditim Chloride, Sodium. Bromide^ and Barium 
Bromide on the Optical Eolatonj Power of l-Lactic Aeul'^' in 
Aqueous Solution, - ' 

Grams of 
salt 

added to 

25 c.c. of 


Salt. solution. p, = [a]gi. 

None — 10-73 ■1-027 2'2,'^ 

Sodium chloride 5-85 8*71 1*162 - 3*08 -- 7*6 

Sodium bromide 10*30 7*65 1*293 — 3*16 — 8*0 

Barium bromide ............ 14*80 6*79 1*485 — 7*10 — 17*7 


* This specimen contained 8 per cent, of d-laetic acid. 
Table II. 


,The Inftuem^^ Salts on the Optical Rotaton/ Potrer 
of Adet'Iipl l-LactateA^. in Aqueous Solution i 


None . 

Solvent. 

P - 

100 

1*093 

P = 2 ). 

+ 18 - 34 ° 

+ 8 - 4 ° 

W.a,ter 


10*0 

1*012 

~''r 0*29 


Aqueous sodium chloride (N) ...... 

10*0 

1*050 

0*11 

'- h 0*5 


... 

sodium bromide {N) 

10*37 

' M 60 

- 0-50 

™ 2 * 1 ' 


10*0 

1*080 

. 0*10 

-h 0-5 - 

t 7 , 

potassium chloride (N) ... 

10*0 

1*054 

+ 0*10 

■ + 0 * 5 : 

' >? 

ammonium chloride {N) ... 

10*0 

1*027 

'+ 0*19 

~ f -' 0 * 9 '„ 


.'ealeium chloride (N) ■ ...... 

10*0 

'■ 1 * 05''4 

- - 0*22 

™' 1 * 0 ' 


barium chloride ' {N} , " 

10*0 

1*094 

" 0 * 28 " 

, - 1*3 


'barium bromide '(4-N)',',’ "... 

9*81 

1*456 

.' - ■ 2*60 ' 

' 9 * 1 ' ' 


'* This, specimen ''contained ,5,' per. cent., of .methyl d-laotate.. 


Notwithstanding the fact that the influence of water on the 
rotatory power of methyl /-lactate is. opposite in sense to that of 
'this '.'solyeht on. the' ester’s, of.,:"c/-mal'ic',''acid,::Gr '■<^/4artaric,''acM:,;;''it'AS^ 

' .obvious' that the ' changes nf ■ rotation' ' caused , 'by' .the; inorganic ha'Ioids ' 
are the same in character for /**lactic acid and methyl /-lactate as 
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for tlio coiifiguratiYely similar compounds f^-tartaric acid and 
inetiyl ^4artrate, On the other hand, the changes ohse-rvecl in 
the case of c^~gly ceric acid are opposite in character to those' for 
Z-iactic acid. FranMand and Frew have shown that <rZ’"glyceric 
acid IS dextrorotatory in aqueous solution at the ordinary tempera- 
ture, hut that the specific rotation [ajj, becomes zero' in dilute 
solution (T.,, 1891, 59, 96); moreover, this acid yields ■ Isevorotatory 
salts and, esters (T., 1893, 63, 297, 511, 1410). The author finds 
that cZ-glyceric acid in aqueous solution becomes, Isevorotatory on 
raising the temperature, and that the addition of certain inorganic 
haloids increases the rotation of the acid (table III). 

Table III, 

The Influence of Sodium Chloride and Barium Chloride on the 
OpZZcaZ B-oiatory Poieer of d-Gly ceric Add in Aqueom Solution. 

Crams of 
salt added 
to 25 C.C. of 


Salt, solution. p, Wfr.* 

None ■— 2-40 l-OI ±0-00® ±0-0° 

Sodium cWoride ......... 5*85 1*84 1*17 -f 0*21 -|- 4-9 

Barium chioride ..... 5*20 1*90 1-22 + 0-32 4- 6*9 


The earlier experiments of Stubbs (T-, 1911, 99, 2265), Patter- 
son and Anderson (T., 1912, 101 , 1833), and the present author 
concerning the influence of neutral salts on the optical rotatory 
powers of certain compounds in solution were made with aqueous 
solutions. Patterson and Anderson, however, found that the dis- 
solution of certain salts in homogeneous ethyl tartrate depressed 
the rotation of this ester. Walden observed that ethyl tartrate 
(ali^ 4- 6*P, Z = 1), after saturation with hydrogen bromide, gave 
al;* —7*0^ (7 = 1) (Ber.j 1905 , 38 , 407). It has now been found 
that the dissolution of about 5 per cent^ of calcium chloride in 
methyl Z-iactate depresses the rotation from aj®. +8*55*^ to 4-5*5^ 
(Z =1 ). In this connexion , it should be stated that a solution of 
.calcium' 'chloride', in ' this ester .readily deposits' a , crystallme.'CO'???,'- 
pound of the.' formula CaQgAC^HgOs (Found : Cl = 13-4. Calc. : 
Cl = 13*5 per cent.), A similar compound of calcium chloride with 
ethyl' lactate .has vbee.ii described . by 'Strecker '(dnwnZ^'n, 1854, ,91,' 
355). Measurements of the rotatoi'y powers of several compounds 
dissolved' i.n",m6thyr alcohol and' in '"methyl . alcohol ' containing 
sod..ium bromide show that the effect of 'this salt is even greater' in 
methyl alcohol than, in water (table lY).. 
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Table IV. 

2^he Tihfliience of Sodhmi Broviide on the Optical Botatory Powers 
of l-Ifalic Acid^ d-Tartaric Acid, Methyl l-Lactate, Methyl 
\-M<date, a.nd Methyl d-Tartrate in A[eihyl<tlt(diol%c Solution. 

Wi?. WJJ (ill methyl- 


(in methyl alcoholic sodimn 
Compound. alcohol, c== 10). bromide, V, 10). 

LMalio acid — 5*9® + 21-8® 

c2-Tartario acid 2-0 — 9-0 

Methyl Llactat© ■ -|- 5-4 — 5-8 

Methyl Lmalate “-9*4 -{-9-1 

Methyl d-tartrate -r 2-7 — 12-6 


It is of interest to note that sodium bromide exerts a distinct 
influenc© on the rotatory powers of the methyl and ethyl esters of 
ri-diacetoxysuccinic acid in methyl-alcoholic solution, but the ef ect 
observed is opposite in character to that of the same salt on the 
corresponding esters of dJ-tartaric acid. Methyl r^diacetoxy- 
succinat© gave [a]’^ - 18-3° in methyl alcohol (c ==4), whilst in 
iV-methyl-alcoholic sodium bromide the value was [a] -12' 2° 
(c = 4); similarly, for ethyl ^Miacetoxysuccmate the* values 
obtained were [a]^” -f 3*6^ (c — 5) and [ajg*; + 7*6° (c 5) respectively. 
It thus appears that the specific effect of sails on the optical rota- 
tory powers of hydroxy-acids and esters is due to the presence of 
alkylic hydroxyl groups in these compounds. 

Now, Freudenberg (^er., 1914, 47 , 2037) has shown that the 
»four hydroxy-acids, ^-lactic acid, l-gly ceric acid, d’-malic acid, and 
d-tartaric acid, all possess the same relative configurations, that 
is to say, the hydrogen atoms, the hydroxyl and carboxyl groups 
attached to the asymmetric carbon atoms have a similar spatial 
disposition in the molecules of these compounds. These relation- 
ships have been proved by transfoi’niations which do not involve 
replacements of groups directly attached to the asymmetric carbon 
atom, and inasmuch as no example is kxiown in which such a 
change produces inversion, it is justifiable to assume that no con- 
figurative change occurs in these reactions. When . the 'rotatory' 
powers of these four ' acids' and of; ■■their, derivatives axe compared, 
the regularities observed , are,- extremely striking' and significant, 
especially when it is remembered that malic and tartaric acids are 
dibasic (and may thus be regarded also as j8-hydroxy-acids), and 
■that 'tartaric acid contains' two: ad jacenf asymmetric carbon,;. atoms. 
,It'ha.S'b6en.„ sho:wn by, the author that the infiuence of ■, temperature'' 
■,o,n^„the rotatory'' powers'.'of . 'the'se; .related''''ncids)^'' in 'aqueous .-.solutioii; 


'w,as- .'examined*,, but::'the':''discussi'On':is'.'',simplifi©cl,,:^ .referenee 

to''''d^malie.acid. 


;Y,;:v,2 
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is similar in cliaxacter for tlie four 'Compoundsj the dextrorotation 
being increased (or the IseYorotatioii diminished) in each case.^ The 
rotations , are also' increased by dilution, and the molecular rota- 
tions of the sodium or potassium salts in aqueous solution are in 
each case higher (that is, more positive) than those of the free 
acids in aqueous solution. Further, the presence of inorganic 
haloids influences the rotatory powers of the acids in aqueous solu- 
tion in the same sense. 

Similar regularities are observed on examination of the rotatory 
values of the esters of these acids. Thus the temperature-rotation 
curves for methyl /-lactate (Patterson and Forsyth, loe. cit.), 
methyl /-glycerate (Frankiand and McGregor, T., 1894, 65, 768), 
methyl c/-malate (Clough, T,, 1915, 107, 103), and methyl 
fZ-tartrate (Pictet, Jahresher^, 1882, 855) are all similar in 
character. The molecular rotations of the esters, which are higher 
than those of the. parent acids (calculated, where possible, by 
extrapolation), increase, in the case of the lower memhers of the- 
homologous series, with increase of molecular weight. The influence 
of a given solveiit on the rotations of esters of the coiifiguratiyely 
related acids, r/~tartaric acid, <5f-malic acid, and /-lactic acid, is 
in general the same in character, the elevating effect of aromatic 
nitrocompounds and the depressing effect of aliphatic halogen com- 
pounds being particularly striking. It must be stated that there 
are a few important exceptions to this rule. The regularities 
observed when inorganic salts are dissolved in solutions of esters 
of the acids in question are well illustrated hy table IV « It there- 
fore appears that, in general, changes of the same character are 
brought about in the optical rotatory powers of the similarly con- 

'■ ".v ‘ .'TAble-'V.' 

■ The Influence of Sub sUt-wents on the Molecular 'Motaiiom [M],^ 

■ ; of hLactic 'A'cid^ . hGl^ceric Aeid^ d-Malic A'cidj ''and d’-Tartaric 

. A^md.^ ■■ 

' ■ ' '■ Y =- Et. 

l-OHs^CH(OH).GO,Y ' ~ 2^' 12-2® 

I-OH,(OH).CH(OH).€02Y, ...... -2.3(h!o,c - 2())- 5*8 -R2*S 

,:d-€0,Y*CHg*CH(0H).C02Y: :/■, +1M.' +19-8 

■■4.CO,YqeH*OH),.CO^ , .■■■■-4*2* ■ ■ . I 3*8 I'lS-S ' 

.'X=:=Ag, . : , ,X==Me,-, 

Y=Et. ; Y==M©. '\'Y:!=M0. 

/-C?H3-CH{OX)-eOaY' +79*7°' 59*0® ' ' '' +■ 112'7®‘' " 

7-GHaCOX)*CHCOX,^^^^^ .-q-SS-C ,■ ' 89*2- ■ ■+A03-5'' 

d-GOgY-OHs-CHCOXbCOaY + 52*3 -f -ll-i" - I 92*4'' 

^123*6' ' ' 

By^uxtrapoiatiou, ; Wmther,., Beits<di. Ohem.f, 1»2, 

or other references, see Frankiand and Gebharcl, T., 1905, 87i 305. 
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stituted optically active a-hydroxy-acids possessing tlie same relative' 
configurations by similar ■ alterations of temperature, by ' dissolu- 
tion 'in a given solvent, or by tbe addition nf a given , optically 
iixactixm' substance ' to ' solutions of tbe active . compounds. Furtber, 
it is evident from table Y that tbe introduction o£ a given radicle 
into the molecules of tbe coiifiguratively similar bydroxy-acids in 
question usually produces alterations of tbe same character in tbe 
I'otatory pO'Wers. 

It should now be possible to determine tbe relative configura- 
tions of similar a-bydroxy-acids with reference to <i-tartaric acid, 
but unfortunately in no case, are the available data so compre- 
hensive as in the above examples. A comparison of the values for 
derivatives from Z-a-bycIroxybutyric acid (Guye and Jordan, Oompt. 
r<swi,, 1895, 120, 1274) with those in table Y indicates that 
Z-a-bydroxybutyric acid possesses a configuration similar to that of 
Z-tartaric ..acid. 

X=H, ' X=H, ' X=H, X=.Ac, "X=»Bz, 
Y= y= Y= Y=' .'. 

XH 4 . Et. ^soBu. moBu. isoBn. 

2.02H5-GH(OX)-CO.>Y 

The autbor has examined the influence of sodium chloride (or 
bromide) dll rZ-^B-pbenyldactic acid and its methyl ester (table YI) 
with results which, taken in conjunction with those in table IV, 
show that this acid is related configuratively to ^-tartaric acid. 

Table VI. 


Tke Influence of Sodium Haloids on the Optical Rotatory ';Poimrs 
of d-fi-Fhenyldactic Acid and Methyl A-^HhenyMactate in 
Solution , , 


Compound. 

Solvent. 

; c. 

L 

Kv.- 

dJ-iS"Fbenyl-lactic ' acid . 

Water 

2-505 

20'® 

+ 1 - 28 ® + 25 - 5 ' 

5, ' ' , ,, 

Aqueous sodium 
chloride { 4 Y) 

. 0 d 65 ' , 

20 

4- 0-18 - 1 - 13-5 

. .»>. . ' ' . >»..•*• 

Methyl alcohol 

lO-O 

20 

+ 4-20 + 31-0 

}f • * • 

Methyl-alcoholic 
sodium brom- 
ide (Y)... — 

10-0 

20 

''-™:' 0-41 

Metbyl dd-pbenyl-laetate 

Methyl alcohol.. . 

MOV, 

18 

- 0'90 -'"' 4-5 

" ' if " ' ff " , . if ' , , , 

Methyl - alcoholic 
sodium brom- 
ide (Y) ......... 

10-0 

18 

.' 4 . 46 '; 22 * 3 .' 


Tbe values for Z“ 0 &-bydroxy^sohexGie acid 'calculated: ' from ' tbe 
results of Scbeibler and Wheeler (Ber., 1911, 44, 2684) are 
-^13*7'^ . (in water) and [Mjg* -36-7^ (in A-sodium hydroxide), 
whilst tbe ethyl ester gives [M]^ —18*3'^.' Kscber and Morescbi 
{Ber,, 1912, 45, 2447) find „that. Z-a-bydroxyglutaric acid is feebly 
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tevorotatory in aqueons solution at 18°, and that the 'sodiiiiii salt 
gives [M]d»~14-6°. On the other hand, whilst ^tt«hydroxyiw- 
valeric acid is slightly Isevoi'otatory in aqueous solution, the zinc 
salt ill *¥-so,diuiii hydroxide gives [M]lf+35'4° (Fischer and 
Scheibler, Ber,^ 1908, 41, 2891). ■ It thus seems very probable that 
/-a~hydroxyts'ovaleric acid possesses the same configuration as 
/Martaric acid, but that /-a-hydroxyfsohexoic acid and Z-a-hydroxy- 
glutaric acid are enantiomorphously related to this acid. The con- 
clusion is therefore drawn that Z-lactic acid,* ^glyceric acid, 
acid, <r^-a-hydroxybutyric acid, Z-a-hydroxy^’ovaieric acid, ^/-a-hydr- 
oxyuohexoic acid, fi-a-hydroxyglutaric acid, and tf-j8-phenyl4actic 
acid all possess the same relative configurations as <^-tartaric acid. 
These optically active acids will be referred to in the sequel as 
and their optical antipodes as ‘‘ Z ’’-aliphatic a-hydroxy-acids. 
The remarkable effect on rotatory power which has been fre- 
quently noticed when a phenyl group is attached to the asym- 
metric carbon atom rendered it advisable to compare the influence 
of salts on the rotatory power of such a compound with that 
exerted on aliphatic compounds. Sodium chloride was found to 
increase the Isevorotatory power of Z-mandelic acid in aqueous 
solution from - 188® (c=l*6) to [a]gj. - 203® (4A^-sodium 
chloride, c = and sodium bromide had a similar effect on ethyl 
Z-mandelate, which gave [a]^, ~ 141 ® in methyl alcohol (c = 10) and 
-181® in iV-methyl-alcoholic sodium bromide (c = 10). If the 
I'ules which have been established from a study of the simple 
aliphatic a-hydroxy-acids may be applied when a phenyl group is 
attached to the central carbon atom, it would follow that Z-mandelic 
acid is related to e^-tartaric acid. This conclusion receives support 
on reference to the rotations of some derivatives (esters, amide) 
from Z-mandelic acid. The Isevorotatory power of Z-mandelic acid 
in aqueous solution diminishes on dilution, and the salts possess 
numerically lower molecular rotations than the free acid in aqueous 
solution. The Isevorotatory powers of the acid in aqueouB solution 
(Lewkowitsch, Ber., 1883, 16, 1567) and of the esters in the pure 
' Condition ,(iT. W. Walker, 1909, 13, 574) 

'' diminish with rise of temperature, ' ■ and ■ ' the ..molecular rotatory 
■powers of the 'esters, decrease numerically with increase of , mole- 
cular weight— methyl ester *~27'6°, ethyl ester [M]p - 226° 
(tJ. "W. Walker, ■ 'Zoc. cit.), ?cobutyl -ester -[Mj'D -"209°' (Walden, 

■ E'iMsek. ' fkm C'hem., 1895, 17 , ; -706). In all these .respects, 
'.the. behaviour, 'of 'l-mandelic acid is. -opposite to that.-of '-Z-inalie.a-cid. 

' -♦ , In this paper, the designations, {d- or Z-) of. the opt'ically active compoxmds' 
' mentioned "'are those usually .given in' the literaturej ' and, a.r6 not, used to 
indicate the relativeconfigurations.:'. of ..the" compounds,. " 
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It must bo repeated ' that the employment of this method cannot 
be regarded as wholly satisfactory unless the corapouiids and their 
derivatives ar© examined , in a systematic ■ manner under varying 
conditions, but it is shown later that there is confirmatory evidence 
that the conclusions which 'have been' drawn' with regard , to the 
configurations of the active aliphatic a-hydroxy-acids are in all 
probability correct. It may be recalled that Frankland and Turn- 
bull have shown the configurative relationships of the optically 
active esters of a^-dichloropropionic acid by investigating the effect 
of temperature on their rotatory powers (T., 1914, 105, 456), and 
that the present author has discussed the relative configurations of 
the optically active normal secondary alcohols on the basis of their 
optical rotation constants determined by Pickard and Kenyon (P., 
1913, 29, 357. Compare Kenyon, T., 1914, 105, 2232). Pickard 
and Kenyon have suggested the employment of a ^^characteristic 
diagram^' (Armstrong and Walker, Pro c. Poy. Poc,, 1913, [*4], 88, 
388) for determining whether a change of configuration has taken 
place in the formation of a derivative (P., 1913, 29, 296). 

a-Amdrio-iicids and 

The author has previously shown that the optical rotatory powers 
of 7-asparagine and 7-asp artic acid are very susceptible to the in- 
fluence of inorganic salts (T., 1915, 107, 1509). Pfeiffer sub- 
sequently obtained similar results for S-alanine, the dextrorotatory 
power of which in aqueous solution is raised by the dissolution of 
lithium chloride or calcium chloride; thus, the addition of 5 grams 
of calcium chloride to 10 c.c. of an aqueous solution yf <7-alanine 
(10 per cent.) raised [a]^ from -t-2*10^ to +11'85° (Per,, 1915, 48, 
1938). For the sake of comparison with 7-aspartic acid, the present 
author has determined the rotations of ^7-alanine in aqueous solu- 
tions of other salts (table YII). 

, Table VII... , 

The'''''In^flue}we' of Inorgamc Salts on the .Optical Eotatorg Power . 
of d-Alanine m Sohifio?i> . . . 

7; ^ 'V': '''Solventr^ ■ • %r.(7='2). . 

Water , , '10*0,: ■ -f ■' -p 2*9° 

Aqueous 'potassium cMorid©'(JVy ,10-0 , ■ 0*61' ' ' ''3*0' , 

,, sodium cblorid© (A) 10-0 0*66 3-3 

„ barium cHoride (N) . . . . ^ 10*0 0*70 B-5 

barium bromide (4W) , ....... ......... .10*0 . 0*96 4-8 

'hydrogen eWorid©! 1*5' mok.) ' . ' 5-78 2*06- " ':,'I7*S-'' 

'Inasm'uehv ■ as'"',' these results are 'similar to ■ thos©'^ .o'bserved' i.'.lor' 
'l-aspartic acid', 'whi.ch 'is '' dextrorotatory." in ' aq'u.eous', .sol,uti,oa''''':atr 'IM 
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' ordinary ..teiiiperatiixe,, blit becomes Isevdroiatory -at iiigliei; tonpera^ 
turesj -tbe influence of temperature , on ; tbe , rotatory power , of 
' cf-alaiiiiie in aqueous "solution lias been .studied 'and found tO' be 
quite similaT to Ubat on i-aspartic acid, a , reversal in tbe 'sigii'Of 
rotation being realised at about 70*^, 

The investigation has been extended to <'f-giutamic acid. The 
optical behaviour of this compound is parallel to that of Z-aspartic 
acid ; both these compounds are dextrorotatory in aqueous solu- 
tion at the ordinary temperature, and elevation of temperature 
depresses the rotatory values, but whereas Z-aspartic acid becomes 
tevorotatory at about 60°, it was not found possible to reverse the 
rotatory sign of J-gliitamic acid in aqueous solution. The presence 
of neutral or acid salts in solution increases the dextrorotatory 
power of dJ"glutamic acid (table YIII). 

Table VIIL 

The Influence of Inorganic Salts on the Optical Eotaforg Power 
of d-Gliitamic Acid in Aqueous Sohition. 



Solvent. 

p. 


a“(Z = 4). 


Water 


... LoO 

L003 

+ 0-80® 

-1 13-3' 

Aqueous sodiuiii chloride (N) 

... 1-50 

1-043 

0-90 

14-4 


„ „ m) 

potassium chloride (iV) 

.. 1-51 

M52 

1-10 

15-8 


.. 1-53 

1-050 

0-95 

14*8 


barium chlori de ) 

.. L53 

1-092 

0-9f5 . 

14-4 


barium bromide ( 4:N ) .......... 

.. 1-51 

1-500 

.1-64 

18*1 

>» 

sodium hydroxide (1 mol.) 

.. 12*25 

1-075 

_ 1*88 

-3-6 

?■? 

,, ,, (2 mols.) .... 

hydrogen chloride (1*5 mols.).... 

.. 6*55 
... 8*75 

1-050 

+ '3-'22 

+ 11-7' 
+ 37-4 


A comparison of the rotatory powers of hydroxy-acids with those 
of their esters in the presence of neutral salts having shown that 
both classes of compounds are influenced in a similar manner, it 
was advisable to examine polarimetrically an ester of an amino- 
acid under various conditions, especially as such an examination 
might possibly throw some light on the constitution of amino-acids 
in aqueous solution. Accordingly, ethyl i-aspartate has been 
"exammeddn various solvents. -The-lsevorotatory power of this ester 
'"'is''increas'6d by rise of ..temperature-, and ' reversed by dissolution' in 
.'■.water '".or "hydrochloric; acid.,' ■; The g.radual addition' of water '(with 
which: ■.'■tlm, ester .is., completely miscible),.', .at first causes ,a rapid 
: diminution ef ■ .the ' Isevorotation untir'’p»=80, when the. 'solution'' is 
dextr,orotatory ,y: 'fu'r.ther: dilution' , after has, very little ' in- 

,','fluence" on. the. ^specific'" rotation. -.'The addition-of sodium .or barium 
, haloids' increases, the dextrorotatory '.'power .of ' the 'ester ' in'., aqueous. 
", solution,.; and sodium"; bromidO' reverses .. the .laevorotfatory,, : power of 
■the ester.: ill, 'methyl-alcoholic solution ■ at. 20°.', .■ "; ■. 
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Table IX. ■ 

The Infitien-ce of Solvents on the Optical Motatonj Power of 

Ethyl VAspartate, 


Solvent. 

c. 

- = 2). 


None 


6-34° (Z 

- 0-5) ■■ - 11-7° 

Benzene 

10-92° 

— 2-75 

- 12-6 

Chloroform..,. 

11-02 

- 2-13 

-9-7 

Acetone* 

20-0 

- 3-50 

..-8-8 

Water 

21-7 

+ 1-83 

+ 4-2 . 

Water ■ 

12-25 

1-03 

4-2 

Aqueous sodium chloride 


m) 

10-81 

1-44 

6-7.- 

Aqueous barium bromide {4:N) 

14-50 

■ 3-34 

■ 11 5 

j, , calcium chloride ( 5 iV ) 
,, hydrogen chloride 

13-21 

3-84 ; 

■ ,14-5 

{N) 

11-37 

. 2-73 ' 

12-0 ■ 

Methyl alcohol 

20-0 

c§.~ 0-19 

[a|o„.o-5 

Methvl-alcoholic sodium brom- 



ide (JV) 

20-0 

a^4.1.72 , 



*** Ethyl /-aspartate reacts with acetone, the rotation changing from 
— S’SO® to “• 56-C (c = 20) in fifteen hours. 


Piiially, meastirenients made '^ith beiizoyl-cZ-alanine show that 
when the amino-group is dis2>laced by the benzoylainino-groiip, the 
characteristic optical behaviour of the amino-acid disappears. Por 
example, although beiizoyl-^/-alanine is only feebly dextrorotatory 
in aqueous solution ([a] 0 * 3 ®, p = 12 ), little alteration could be 
detected on raising the temperature ([a]J;. ; the specific rota- 

tion is slightly higher in iV"-potassium chloride ([«]«?. + 0 * 4 ® 1? = 11 ), 
but this result is due to the fact that the potassium salt of benzoyl- 
fZ-alaiiine is much more dextrorotatory than the free acid in 
aqueous solution. It thus appears that the efiect of neutral salts 
on the rotatory powers of amino-acids is due to the presence .of 
the 0'mino-group in these compounds. ' 

' ■ Now the elevation" of the ■ rotation - ; of, ethyl ' l-aspartate by • dis- 
solution in hydrochloric acid -or water is probably due to the 
nitrogen, atp-in ,, .becoming- quinquevalent - ("NHjjGl, •NH3*OH):, - .-and' 
itt,<'th© latter -case^-dhere-- would probably .-exist,in :solution,;.a mixture 
of the . hydrated and non-hydrated forms of the ainine., The xotar 
tory values for the ainiiiO-acid and-. \ ester; indicate-': simila-r. ooiistitu-, 
tions, in.:.- 'solution -i-or: ■both\eompounds-,';;,and; it -/would-:-.: thus "-app'ear 
that. /Mspartic acid in .aqueous solution :co:nsists mainly of the forms 
C0gK*.GHg'‘ClI(NHa)*002H and - C02H^CH2*CH(NHg-0H)’C0^H, 
the formor heiug tevototatory and the latter dextrorotatory. . Th^ 
‘relatiy© amount of. the hydrated:- form would diminish with rise of 
temperature., . > Further -work, on the- rotatory powers' of .aminb- 
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acids and tlieir esters would b© of interest in this coniioxioii. The 
presence of neutral salts influences not only the rotatory powers, 
but the solubilities of amino-acids and proteins in aqueous solution. 
Schiff {Ber., 1884, 17, 2929) observed that aspartic acid dissolves 
more readily in aqueous ammonium chloride than in water, and 
suggested that this was due to the amino-acid exercising its basic 
and acidic functions, the compounds yielding an equilibrium mix- 
ture of ammonium aspartate, aspartic acid hydrochloride, and un- 
changed ammonium chloride. Sakurai (P., 1894, 10, 90) ascribed 
the formula ^ compound of glycine with 

potassium nitrate described by Boussingault (Annalen, 1841, 39, 
310), Although unable to isolate this compound, Pfeiffer and 
von Modelski succeeded in preparing a large number of compounds 
of amino-acids with the haloids of the alkali and alkaline earth 
metals, and also regarded these compounds as ■'amphi’* salts 
possessing the formulae Me^O'CO'Er'NHsX or: 


M©' 


"<S: 


CO-E-HHsX^ 


(Zeitsch. ‘physiol, Chem,^ 1912, 81, 329; 1913, 85, 1). This view 
was modified by Pfeiffer and Wittka, who regard the compounds 
of inorganic salts %vith amino-acids, carboxylic acids, esters, etc., 
as “ molecular compounds, without excluding the possibility that 
the halogen atom of the inorganic salt is combined with the amino- 
group of an amino-acid in the form of an ammonium salt 
1915, 48, 1289). Pfeiffer has also brought forward strong evidence 
that the compounds of amino-acids with neutral salts are capable 
of existence in aqueous solution (Eer., 1915, 48, 1938). Inasmuch 
as the amino-acids are amphoteric electrolytes possessing very 
small acid and basic constants (for alanine A'a~l*9 x 10"^^, 
X 10-^^), it does not seem possible for the halogen of the 
salts to be combined in the ‘‘ammonium^' salt form, nor for com- 
pounds of the ^tamphi’’ salt. typo to exist to an appreciable extent 
in aqueous solution. Such an objection cannot be raised if the 
compounds are regarded as ' molecular compounds with the 
metallic atom co-ordinated with the oxygen of the carboxyl group 
or with the nitrogen of the amino-group (Pfeiffer, loc, cit,). The 
observed,' regularities , in the effects of barium, calcium., and sodium 
haloids make it appear probable that the influence of salts on the 
'rotatory'' powers: of hydroxy- and. amino-compounds is due to the 
"Same cause.,' It may .therefore' be 'assumed that this:'' infi,uence 'is 
due to' combinatiO'n'":of', the salts with, the optically active compounds 
in'' q,U'estion,ithe' 'latter 'reacting '' with the salts im consequencer. of 
''■th©"' resid.ual' affinity .of the" oxygO'n ' and'-'nitrogen atoms in : the "'alkylic 
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hydroxyl and amidogen radicles respectively. It is thus no longer 
necessary to explain the alterations in rotatory power caused by 
the presence of neutral salts by means of the recently revived hypo- 
thesis of Arndtsen that the changes in rotatory power are due to 
a displacement in the^ equilibrium of hypothetical isodynamic 
forms of the active compound. 

An examination of table X shows that there are certain regu- 
larities in the rotatory powers of the derivatives from the optically 
active a-amino-acids. The rotatory powers of the hydrochlorides 
of those varieties of the active amino-acids in this table are in every 
case more positive than those of the amino-acicis in aqueous solu- 
tion 5 and in general the molecular rotations of the potassium salts 
of the benzoylamino-acids are more positive than those of the hydro- 
chlorides of the amino-acids. The aminoacyl glycines possess rela- 
tively high positive rotations in aqueous solution, whilst the glycyl 
derivatives of the arnino-acids in question are usually lasvorotatory, 
giycyl-Z-phenylalanine being a noticeable exception. Similar regu- 
larities are observable in the recorded values for the diketopiper- 
azines, j 8 -naphthalenesulphonyl, and iT-methyl derivatives of the 
. same amino-acids. 

Fischer and Raske (Ber,^ 1907, 40, 3717) have transformed 
l-serine into Z-jS-chloro-a-aminopropionic acid, and the latter into 
cZ-alaniiie, without displacing groups directly attached to the 
asymmetric carbon atom., and they have pointed out that the hydro- 
chlorides of these amino-acids possess more positive rotatory powers 
than the configuratively related parent acids. A similar regu- 
larity is evident in the rotatory powers of the related compounds 
Z-asparagine and Z-aspartic acid, and the author maintains that the 
rotatory values for the amino-acids and their derivatives in table X 
indicate that all these compounds possess the same relative con- 
figurations. The influence of temperature on the rotatory powers 
of Z-asparagine, Z-aspartic acid (T., 1915, 107, 1509), and ^Z-glutamic 
acid is similar to that on d^-alanine in aqueous solution, and the 
rotatory powers of these compounds are increased by the addition 
of sodium or barium haloids. The similarity between Z-aspartic 
acid and f:Z-glutamic , acid is shown admirably by the curves of 
AndTlik {EeitrSch, Ver, deti^t. Zuckerind.y 1903, 948) and Wood (T., 
1914, 105, 1988) illustrating the effect ' of , varying amounts, of 'bases 
on the rotations of these' acids. It should also be pointed out that ,, 
those amino-acids which have been obtained from protein occur in 
the' optically', active varieties .denoted , ' in table X . Moreover, '• 
'Ehrlich , observed that when certain' 'inactive amino-acids were ''sub- 
jected ' , ,tO', the. ' action of yeast' in ■ sugar' " solutions, the forms " , which , ,; 
survived',, attack were,' the,. enahtiom'orphs of the' 'n''aturally,occurrin',g' ,' 
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forms. Tile configurations of tho constituent amino-acids also 
appear to condition tlie hydrolysis of polypeptides by ©nzymes ; thus 
only those compounds containing the naturally occurring optically 
active forms of the ainino-acids are hydrolysed by trypsin (Fischer 
and Abderhaldenj Zeitsch. fliysiol. Gliem,^ 1907, 51, 264), The 
optically active , amino- acids appearing in table X may therefore 
be conveniently termed the ^^-aliphatic a-amino-acids. 

It may be recalled that Z-phenylamiiioacetic acid was obtained 
by Ehrlich by the action of yeast on the optically inactive amino- 
acid. The rotatory values for this acid recorded by Fischer and 
Weichhold (5er., 1908, 41, 1293) are [a]^ —112*6^ (water), 
— ISB*^ (iV-hydrochloric acid), and —260'^ for the formyl derivative, 
values which may be compared with those for Z-phenylalanine, 
[«]»>* 35*3*^ (water), «-7'l^ (hydrochloric acid), and +75*2° for 
the formyl compound. These results appear to show that i7-phenyl- 
aminoacetic acid is related configuratively to the active amino- 
acids in table X. 

The orEalogen Acids. 

The optically active halogen acids may be obtained from the 
active hydroxy-acids by phosphorus haloids or thionyl chloride, 
from the active amino- acids by nitrosyl chloride (or bromide), or 
by the resolution of the inactive compounds. The racemisation 
which usually accompanies reactions involving the displacement of 
groups attached to the asymmetric carbon atom and the reactivity 
of the halogen towards bases, frequently make it difficult to obtain 
the active forms of the halogen acids in a state of purity. There 
are necessarily fewer derivatives of the^ halogen acids than of the 
hydroxy- or amino-acids, and there is no doubt that some of the 
values given in the literature for halogen acids and derivatives 
from them are numerically lower than those for the pure active 
compounds. The values in table XI for certain cZ-a-halogen acids 
indicate the great probability that all these compounds possess 
■the same configurations. Inasmuch as these optically active halogen 
acids are all dextrorotatory, their . usual designation d- may also 
b© used' , to indicate their configurative similarity to on© another 
',(see footnote, p. 547). 

The rotatory powers of the esters of the ^-a-halogen-propionic 
and -succinic acids diminish with increase of molecular weight, and 
it appears from , the table that the glycines .possess higher mole- 
cular rotatory powers' than; the’ parent acids. The specific , rotatory. ■ 
power of ^d-hromopropionic acid ; diminishes with rise of tempera- ' 
tu re .(Bamberg), as is also .the ’case 'for-' methyl, .and ethyl 4-a'chloro-, ; 
propionates '( J . ' , W . Walker) ■■ 'and for ,'methyl <f-bromosuccinat© " 
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Approximate values by calculations 
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(Walden). .. Oii' the otlier hand, -Senter, Drew^; :aiid, Martin find 
that: the • tevorptatory power of ^a-broino-|?-plienylpro|>ioiiic acid 
is increased by rise o! temperature. ■ ; 

It; has' been, shown ■■ by iErankland. and Turnbull (hc\ cit.) that 
the 'Optically Active methyl ajS-dichloropropionate : obtained by the 
action of phosphorus pentachloride on methyl y^-giy cerate is dextro- 
rotatory, whereas' the higher msters are Isevorotatory. It would' 
thus seem that these esters are related to the " d^-halogeii acids in 
table XI, the temperature coefficients of the esters in question being 
similar in character to that of ^-a-bromo-jS-pheiiylpropionic acid. 
The rotations of the cl-phenylhalogeiiacetic acids are considerably 
higher in benzene solution than in aqueous solution, and the specific 
rotation of the ethyl ester appears to be lower than that of the 
free acid (McKenzie and Barrow, T., 1911, 99, 1919); moreover, 
the rotatory powers of the methyl and ethyl esters dimmish with 
rise of temperature (J. W. Walker). These facts indicate that the 
dextrorotatory acids are configuratively related to dcHoropropipiiic 
acid. , - , ■ 

' ■ ■■ ' 'il 

The Relatioiiship between the Optically Acii've a-Haloyen Acids^ 
anclorAnimo-acids, 

The foregoing considerations render it possible to determine 
whether the conversions of the optically active a-amiiio-acids into 
the halogen acids which have been effected by iiitrosyl haloids are 
or are not similar in stereochemical character. It has often been 
assumed that the action of nitrosyl haloids on the active amino-'-. 
acids is always of the same character, but it is certain that a 
. given reagent does not invariably act in the same way on coin- 
pounds of similar type. The following conclusions may be drawn 
from the relationships wdiich have been- established for the active 
a-amina-acids and a-bromo-acids respectively : 

The transformations ,^^-alanine — > i-broinopropionic -acid, 
/-aspartic acid /-cMorosuccmic acid (or /-broinosuccinic acid), 
^/-valine — /-a-bromo/^ovaleric acid, /-leucine — > l-a-hxomomi- 
'hexo-ic acid, <i-fimleucine 7-ia-bromo-j8-methylvaleric acid, and 
/-phenylalanine — > /-a-bromo-jS-phenylpropionic acid (by the action 
of ipitrosyi haloids), are all of the 'same stereochemical character, 
that, is to say, they,, are either'. -all “normal'” or all abnormal ” 
reactions. ■ Ina'smuch as ^/-glutamic acid and cZ-cg-aminobutyric ': 
acid are, according to the author, related to the above amino-acids, 
it is,- almost certain that the changes d^glutamic acid «->- /-o-chloro- ,:,- 
glutaric acid ([ajD — 12 * 0 *^ in water) and /-c^aminobntyric '-acid,',X'>"'' '' ' 
^/-ahromqbutyrie,'^ «^cid',([a]^ AbderhaMert-:and;^/'Gh 
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cit.) are also ol this type (for references, see EraiiHand, T., 1913, 

103,728). , , ■■ ■' 

{h) The action of nitrosyl 'bromide on esters of alanine, 
/-aspartic acid, /-leucine, and /-phenylalanine is opposite in character 
to that of this reagent on the amino-acids ■mentioned, in para- 
graph (a). 

(c) The , action , of ammonia on, /!larbromopropioiiic acid (or 
ester), /-broinosuccinic acid, /-a-bromo4"ovaleric ester, l-a-hromouo- 
hexoic acid (or ester), /-a-bromobutyric acid or /-a-bromo-jS-pbenyl- 
propionic acid is opposite to that of nitrosyl bromide on the amino - 
acids mentioned in paragraph (a). Fischer has shown that the 
action of potassium phthalimide on ethyl /-a-bromopropionate 
(Bei\y 1907, 40, 489), that of trimethylamine on f/-a-bromopro- 
pionic acid (Ber.^ 1907, 40, 5000), and that of methylaiiiin© on 
/-a-bromopropionic acid, <:/-c£~bromo/.soh6xoic acid, or c/-a-bromo- 
j8-phen.ylpropionic acid, all take place in the same stereochemical 
sense as the action of ammonia on the same compounds (Fischer 
and von Mechel, Ber., 1916, 49, 1355). It is exceedingly probable 
that the numerous examples of the action of ammonia on the active 
c£-bromoacyl derivatives of amino-acids which have been investi- 
gated by Fischer and Ahderhalden are all of this type. 

{d) The action of ammonia on /-a-bromo4o valeric acid or on 
/“a-bromo-iS-methylvaleric acid is the reverse of that of the same 
reagent in the examples given in paragraph (c). 

In order to decide in which of the above reactions a change of 
configuration takes place, it becomes necessary to ascertain whether 
the active a-amino-acids in table X possess the same relative con- 
figurations as the (7-halogeii acids in table XI. Although these 
two classes of compounds can scarcely be considered to be similarly 
constituted/’ it is desirable that a comparison of the rotatory 
powers of their derivatives should be made in this connexion. 
Unfortunately, there are very few similar classes of derivatives of 
the amino^-acids on the one hand and of the halogen acids on the 
other the rotatory powers of which are available for a comparative 
study of ' these; compounds.’ -..The most complete series of .deriv- 
atives are the a-bromoacyl- and the a-aminoacyl-ainino-acids. It 
is 'evi<3ent;,from' table- ,XII that there is a nlose relationship between 
the .values'" for, the aminoacyl derivatives "'and the bromoacyl'; deriv-' 
atives', from which they, are obtained, and it appears to the 'author 
that' this ■ relationship' indicates , the great probability; that ' ^ the, 
amino-derivatives^ are- configuratively related- to the brpmo-deriv-; 
atives in ■ ' questio'n . : For ■ example, ' <c^-bromopropionyl4-al'anine , 
(Mn +fi8“2) is,;^ateii tO'-i^-alahyK-alanine' p 68’9),,;aiid'; not' 

:,to''.'': /-alanyJ-/-alanine ::|[;a]j 5 ■ ■ If/" for 'vthe purpose :of /thk' 



Table XII. 

The Oimcal Rotatory Powers ([ct]D) of certain a-Bromoacyl and a^Amin-oacyl Derivatives of the a.-Amino-acids. 
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(maJcoIiol) {in alcohol) Ben, 1910, 4S, 907. 

The values in this table are for the specific rotations in aqueous solution unless stated otherwise. 
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discussion^ the active amino-acids in table X be denoted by the 
designation ‘"I” it follows that the amino-acids possess the 
same configuration as the cf-haiogen acids/*' and that the action of 
ammonia on the above halogen acids (with the exception of 
a-bromoi^ovaleric acid and a-bromo-jB-methylvaleric acid) or their 
derivatives does not cause a configurative change. It may 
be mentioned in this connexion that Scheibler has conclusively 
shown that the action of ammonia on Z-j8^^-iminodibutyric acid, 
yielding Z-j8-aminobutyric acid, is a '^normal” action (Ber., 1912, 
45, 2272). The transformations of the aliphatic a-amino-acids 
(including phenylalanine), with the exception of valine and 
'-'soleucine, may be represented by the following scheme (compare 
Frankland, T., 1913, 103, 741): 


^d-a-Halogen acid d-a-halogen ester (or glycine) 

f i 


1 NH-i 

Y 


NOBr 


i NH;; 
Y 


NOBv 


I ”-a-amino-acid ‘‘ I '’-a-amino-ester (or glycine) 

QInobi' 

Z-a-lialogen acid <--> Z-a-halogen ester (or glycine) 


i NHs 
Y 


XOBr 




“ d ’’-a-amino-acid d ’^-a-amino-ester (or glycine) 


The scheme for ‘‘Z^'-valine and Z is similar, except 

that the action of ammonia on the free bromo-acids is assumed to 
be abnormal.” isoLeucine contains two asymmetric carbon 
atoms, and a true Walden inversion cannot be effected, but the 
transformations involved are similar to those for valine. 


The EelaPhn-sMp between the Optically Active' a-Amhio-: and", 
a-Hydroxy~acid$. 

It is clear from the relationships which have been established 
for 'the'' amino-acids and hydroxy-acids,' respectively, that' the traiis- 

* It appears advisable to , retain for the present the designation' d-, for the 
dextrorotatory a-halogen acids to 'denote their conEgnrative similarity to' one 
another. If the above vieW' that .these dextrorotatory a-halogen acids are'; 
related conhgnratively to the:' -a-amino-acids is^ correct, it , would be 
preferable to indicate their configurations by the prefix ** Z-.** It may "be' 
'mentioned' here that it is not possible to' 'denote the relative confignration ' of ' 

given' optically active 'Componn.d: (containing,, only,' one; asymmetric;,' carbon 
atom) always, by, means, of the same prefix (Clongh^P'.s' 1@13» '29, 359)'. ' 
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formgbtioas ■ (effected , by , nitrous acid) ^:Z-alanine — <^’4actic acid, 
^-serine — ^^-glyceric acid, <f/-valine — > d-a-hjdTOxjiso'v&levic 
acid, Meiicine > ■ Z-a-liydroxyisohexoic acid, ^-aspartic acid 
Z-malic acid, ^/-glutamic acid — ?-a-liydroxyglutaric acid, and 
/-plienylalanine ^0-plienyl-lactic acid (Clougli, iiiipuMislied) 

are all of the same stereocliemical type. It is not possible witli 
tlie data at present available to make a satisfactory comparison of 
tbe rotatory powers of the active hydroxy-acids with those of the 
active amino-acids. The rotatory powers of very few a-amino- 
esters have been determined, and of only two hydroxyacylglyciiies. 
There are, however, certain similarities which seem to indicate that 
the /4La-amiiio-acids possess the same relative configurations as 
the ’^-hydroxy-acids (which are enantioniorphously related to 
^l-tartaric acid). 

The dextrorotatory powers of ^‘Z ’Llactic acid and -'^i^/’-glyceric 
acid in aqueous solution are reversed and the Isevorotatory ’ power 
of l-malic acid is increased on raising the temperature ; the dextro- 
rotatory powers of ^ ’’-alanine and Z-aspartic acid are reversed 
and that of “Z ’’-glutamic acid is diminished with rise of tempera- 
ture. Moreover, the changes in the rotatory powers of 

Z ’’-alanine, Z-asparagiiie, Z-aspartic acid (or ester), ’’-glutamic 
acid, /'Z ’’-lactic acid (or ester), and Z-malic acid (or ester) caused 
by inorganic haloids in aqueous solution are all in the same sense. 
It is therefore suggested that the action of nitrous acid on the 
active aliphatic a-amino-acids is a ''"normal” action. 


.The Eelai'iomhi'p hehveeii the Optically Active a-Hydroxy- and 
a-Malogen Acids, 

The conclusions that have been drawn regarding the con- 
figurative relationships of the hydroxy-acids on the on© hand and 
of the halogen acids on the other make it appear almost certain 
that the conversions of “ Z ’’-lactic acid (or ester) by phosphorus 
haloids or thlonyl chloride into AZ-halogen-propionic acids (or esters), 
Z-nialic acid (or esters) by phosphorus pentachloride or thioiiyl 
cMoride "into, <i'-chIorosucciniC" acid ' .. (or , ester:s) , : ethyl , Z-o-hydroxy- 
isohexoate by phosphorus and bromine into ethyl d-a-bromo^wo- 
■"'hexoate,,; and ':df:"::ethyl , -rZ‘4artrate.' , by;.. '■ thionyl . chloride 'into -ethyl 
'Z^-dichlorosuccinatej':'^ are^ "reactions'- -- of- ' 'the' "same'"' '■■stereochemical 
character;';:-'-' 'l?V1ien'''''it 'is "remembered; that"' 'the' 'specific rotatory 
powers of the c^halogen esters diminish as the homologous series 
',are,-;.ascended,| andrthat;- the rotatory'', .-powe-rs ,cf -th©- d^hromo-esters 
,iare-.mor©,';-positive;.'thah-:those:.,of: the '"corresponding chloro-esters, , it 
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is not surprising that the Isevorotatory esters , of ^'^?,”,-glyceric acid, 
yield, on ' treatment ' with phosphorus pentachloride, esters of 
ai8-'clichloropropioiiic acid diminishing,, in ' rotatory power from' a 
positive value for the methyl' ester to 'hega-tive values 'for the higher 
esters, and , that esohutyl Z-a-hydroxyhutyrate yields a laevorotatory 
chloro-ester but a dextrorotatory bromo-ester, these halogen esters 
being derived, presumably, from a-chloro- and a-bromo-butyric 
acids possessing the same configurations as ^f-chloropropionic acid 
(Guye and Jordan, B%dl, Soc. chhn., 1896, [iii], 15, 495), It 
appears probable that the relationship between the optically 
active aliphatic normal secondary alcohols and the halogen 
compounds prepared from them by hydrogen haloids, and that 
between Z-jS -hydroxy butyric acid (or ester) and ff-jS-chlorobutyric 
acid (or ester) obtained from it by phosphorus pentachloride, are 
also of the same character. There is little doubt that thionyl 
chloride would react with these hydroxy-coinpouiids in the same 
maimer as hydrogen haloids or phosphorus pentachloride 
respectively. 

If it is assumed that the ‘^VZ ’^'-amino-acids are related to the 
^Z-halogen acids and also to the ‘‘ Z '-hydroxy-acids^ it follows 
that the Z "-hydroxy-acids are of the same configuration as tlie 
/:f-halogen acids. It may be recalled that the temperature-rotation 
curves for ethyl rZ-bromopropionate and ethyl cZ-bromosuccinate 
are similar in character to^ those of €Z-("/Z-")lactic acid (or ester) 
and Z-malic acid (or ester). On the other hand, the infiuence of 
temperature on methyl cZ-ajS-dichloropropionate is opposite to that 
on methyl ^IZ "-glycerate, from which it is prepared. 

The fact that the rotatory powers of the cZ-halogen esters diminish 
as the carb alkyl oxy-gronps increase, whilst the rotations of the 
fZ-hydroxy-esters increase as the series' is. ascended, (at .least for the 
early members), is in accordance wdth the above view. It may 
thereforei be assumed that the action of phosphorus haloids and of 
thionyl chloride on the aliphatic a-hydroxy-acids (or esters) which 
have been investigated is not accompanied by a chaiige of con- 
', .hguration. ; 'The ' following' scheme would' then include most 'of the 
changes which have so far been realised with ^-derivatives of 
propionic acid, butyric '.acid,, succinic acid, Z^ohexoic acid, 'and "(with 
the possible exception of the action of thionyl chloride) iS-phenyl- 
, propionic, acid":'" '' 
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I- ’’-Amino-ester 

4 

I NOBr NH;- 

I ^-attiiuo-acid ^ Hialogeu acid — d ’^-amino-acici 


■NOBr 
■ ! 

4^ 


lsE‘ 


|NO,H 

r'diydroxy-acid tZ-haiogen acid ’'-hydroxy-acid 

' " i 

y Y 

PCl- 

l ”-!iydroxy-ester d-halogen ester 


NOoH 


SOCI2 


It lias been suggested above that ^-'maiidelic acid is coii- 
iiguratively allied to rZ-nialic acid, that the ^pheiiyhhalogeii-acetic 
acids are related to ?-chlorosuccinic acid, and that 2-phenylamiuo- 
acetic acid has a similar configuratioii to that of r^-aspartic acid. 
Inasmuch as it has been assumed that Z-chlorosuccinic acid is con- 
iiguratively related to <i-malic acid and to r/-aspartic acid, it would 
follow that Z-maiidelic acid, the ^^-phenyhhalogen-acetic acids, and 
2-phenylaminoacetic acid all possess the same relative configurations. 
In any case, it is almost certain from the rotatory powers of the 
latter compounds that their common designation (/-) may also be 
used to imply a similar conhgurative relationship. The following 
scheme, then, represents most of the transformations of the deriv- 
atives of phenylacetic acid, and also (as far as they have been 
studied) those of the ^-derivatives of jB-pheiiylpropionic acid and 
of the a-derivatives of a-phenylpropionic acid, with the exception 
of those reactions of the latter in which complete racemisation 
occurs. The reactions which have been effected with esters of the 
acids are likewise' in conformity ’ with this scheme. ' 

iZ-Phenylchloroacetic acid. 



i-mandelic hkOs ,ci-phenylamino- ;Z-phenylamino-, ■, ; HKO2 ■ ^-mandelic 
„ ' :acM ", acetic acid ■ acetic acid ' ' ' ' ' acid ' y 



Z-phenylchloroacetic acidv 
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SumifUiri/ of Conchidons. 

(ri) A CQi'iiparisoii of the optical 'rotatory powers of' ' the acids 
coiiimoiily written Z-lactic acid, /^-glyceric acid, tf-malic acid, and 
J-tartaric acid (which possess the same relative configurations), 
and of derivatives from them, has led the author to assume that 
the optical rotatory pomerB of simiiarly constituted com^iomids 
'possessing the scmie configuration are, in general, influenced 
similarly by the same changes in the external conditions and also 
by the introduction of the same suibstituent into a given radicle 
attached to the asynwietrie carhorv atom, 

(h) The rotatory powers of the above four acids, and also of 
<:Z-a 4 iydroxybutyric acid, /-a-hydroxyi,?ovaleric acid, d-a-ihjdroxyiso- 
liexoic acid, J-a-liydroxy-jS-phenylpropionic acid, ^Aa-hydroxy- 
giutaric acid and their derivatives, indicate that all these acids 
possess the same relative configurations. For the sake of con- 
venience, the designation ‘‘d-' has been used to denote the con- 
figurations of these compounds. 

(c;) Similarly, it is assumed that the naturally occurring a-amino- 
acids, commonly denoted as d^-alanine, Z-serine, Z-aspartic acid, 
fZ-valine, /-leucine, (fZ-?'soleucine, ^Z-a-aminobutyric acid, €Z-glutamic 
acid, Z-phenylalanine, and Z-tyrosine, all possess the same configura- 
tions. The configurations of these compounds have been denoted 

by the symbol ^-Z.” 

(d) The dextrorotatory (</“-) a-halogen acids which have been 
isolated are assumed to he configuratively similar compounds. 

(e) A comparison of the rotatory powers of the optically active 
a-bromoacyl-amino-acids with those of the a-aminoacyl-amino-acids 
leads to the view that the amino-acids mentioned in paragraph (c) 
are related configuratively to the halogen acids mentioned in para- 
graph (d), 

' ' (/) It is suggested that' the '-hydroxy-acids are enantio- 
'''mo,rphously related , to the 'T'-amino-acids, and ' therefore to the 
cZ-halogen acids. 

(17) The Isevorotatory compounds, Z-mandelic acid, Z-phenyl- 
cMoroacetic acid, and Z-phenylaminoacetic acid, are assumed to 
P'Ossess ' the ,; same ■ confi,gurations.- ■ 

Experimental Bata. 
hLdctic Acid, 

The aqueous lactic acid was obtained by the hydrolysis of methyl 
Z-iactate by boiling with ten times its weight of water for six 
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hours, and subsequent distillation of the methyl alcohol. This 
specimen contained 92 per cent, of Z-lactic ■ aoid and 8 per cent, of 
r^-lactic . acid . 

j?=10'73. ■' 


t . ... 15L 18®. 36®. 52°. ‘ 62°. 70°. 15°. 

c? , 1*03 1-03 1*02 1-01 'i-Ol 1-00 • l'0:i 

4,a = 4) ... -™0*95° -0-88° -0*32° ^ 0-00° -h 0-18° - 0-30° , 0*95° 

—2.2° -2*0° — 0-7° ±0-0° -h O-U -f- 0-7° , — 2*2'° 


A specimen of Z-lactic acid prepared from zinc Zdactate showed 
similar behaviour. 

Methyl I- Lactate. 

This ester was prepared from zinc Z-lactate, obtained from a 
dextrorotatory lactic acid syrup, which gave a^(Z = l) +5*2, by 
Patterson and Forsyth’s method (T., 1913, 103, 2263), The speci- 
men contained about 5 per cent, of methyl rf-lactate. 

&. [«P,. K,.* 

15° 1*097 + 7*96° +9*05° +11*95° + 7*26° +8*25° +10*89° 

20 1*093 + 8*15 9*17 12*25 7*46 8*39 11*21 

* The rotations recorded in this paper and in the previous paper (Zoc. cit.) 
for mercmy violet light ([o]vi.) are for A = 4078. 


Methyl l^Lactate in Wate7\ 


JO. , . 


< o(Z = 1 ). 

a^. 

fiT. 

a ^ o . 

vi. 

Wf. 

[“S* 


100 

1*093 

+ 8 * 15 °' 

+ 9 * 17 ° 

+ 12 * 25 ° 

+ 7 * 46 ° 

+ 8 * 39 ° 

.. +' Il * 21 ,« 

80*0 

1*086 

3*60 

3*81 

3*90 

■ 4*1 

4*4 

■ 4 *' 5 . 

50*9 

1*063 

1*16 

1*34 

0*54 

2*1 

2 * 5 ' 

1*0 

. 20 * 0 .: 

' 1 * 026 ' ■ 

0 * 72(1 = 2 ) 

0*73 

™ 0*08 

' 1*8 

1*8 

0*2 

10*0 

1*012 

0*27 ( 1 == 2 ) 

0*29 

- 0*10 

1*3 

1*4 

- 0*5 

5*36 

1-005 

0 * 28 ( 1 =: 4 ) 

0*30 

- 0*30 

1 * 3 ' 

1*4 ' " 

- 0 - 9 ' 


d~ Alanine in TIAZer. 

The- 'speeimeii' 'employed' was - prepared .from silk by Fischer’s 
method (Mer., 1 - 906 , 39, 462). ' 


|?,=' 5 “ 85 . 





-'13°. 

16°. 

-' 29 °, 

40 °. 

' -64°. 

' ■ 74°. 

80 °. 

d' 



1*02 

1*02 

1*01 

1*01 

' . 1*00 ' 

, 1*00 ' 

1*00 


= 4 ) 

*, + 

0*74° 

0*68° 

0 * 56 ° 

0 * 40 ° 

0*04° 

-- 0*04° 

- 0 - 15 ° 

K 


• + 

3*1° 

2 - 9 ° 

2 * 4 ° 

1 - 7 '’ 

0 - 2 ° 

- 0*2° 

1 

o 

O 

'".P = 

-9-81. 












.. ... 

16°. 

20 °. 

30 °* 

46 ”. 

60°. - 

72 °. 

.. 




1*03 

1*03 

1*03 

1-02 

1*02 

141,. 





+ 1*41° 

1 * 32 ° 

■' " 1 - 10 ° 

0 - 77 ° 

: 0-48° 

■0*29°' 

[«]*?.. 




+, .3*.5° ■' 

3 * 3 ° 

- ■■ 2 * 7 °, ■ ■ 

1 - 9 “ 

l'-2° 

a-T : 
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^-Alanmc in Aqueom Modium. Mi/dr oxide (1 moL). 

f = 1-n, 1-046, aj?. (1^-2) +1-06°, [aE, + 6-rA 

p-1-61, #5 1-01, a’?, (Z = 4) +0-38° +6-8°. 


il-Alaninc in Hydrochloj’ie Acid. 

^ = 8-098 (r mol. HCl); 1-036, aji' (Z = 2) + 2-40°, a>j+2-88° 
[a3i? + 14-3° [a]«+17-l° 

p= 5-605 (1-5 mols. HCl); 1-033, a}, (Z = 2)4-l-70° a“+2-06° 
[a]!?+14-7° [aK +17-8= 


Ethyl l-Aspartate. 

This ester was prepared by Fischer’s method {Ber., 1901, 34, 
462). - 

(Z20 1.085, a® (Z-0-5), -S-SO®, -5-60“ a“. -6-36“, a’S - 13-33“, 

[a]^» ,-,9-93“, [a]“. - 10-32“ [ag. -11-72“ [ag - -24-5^ 


d-Gluteimic Acid. 

Water; j? = 0-99. 


« •■■■■ d‘. ai(2 = 4). K. . Wgl 

15“ 1-004 + 0.41“ +0-52“ + 10-3“ +13-1“ 

40 0-99.5 0-.32 0-43 8-1 10-9 

51 0-992 0-29 0-40 7-4 10-2 

60 0-998 0-27 0-37 6-9 9-5 

25*.. — — — 9-4 n-4 

^ Interpolated. 

2,6^ I-OOS 0'66 , OSO- ll-O"' 13-3:, 

'p==2^9I, 

44^-.,. i‘002 „ h2Q ■■■-1*44 ' io,*’3 , , 

64v Odm ■ ■ hOO 1-25 ■ , S-6 10-S- 

75' "0*990 '■ ■■■ 0-90 '7*8 ,• lO-C) 

2^ ■ 7,1-7 IM/' 

Hydrochloric acid (iV), 1-5 indls. jj?— 8-752. ; 

i. df. <(Z = 2). g. <i,. Wp.- Wti.- 

13“ ......... 1-048 + 6-81° 7-06“ 16-60° 31-7“ 38-4“ 86.1“ 

32 ......... 1-042 6-60 6.72 14-65 30-2 36-8 80-3 

43 ......... 1-037 6-32 6-63 14-10 29-3 36-0 77-7 

■25: -,..,.....,, - >,, , ^-7 S7-i AZ-l 
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Aqueous sodium hydroxide (1 mol.). 

= [a£ -0-8- 12*25, [ag, -3*6°; |)-2*86, [ag-6“l"* 

Aqueous sodium liydroxide (2 mols.), 

^==6*56, [ag +11-7- i) = 1-44, [ag +10*2- [ag +8*6". 

Tlie author's thanks are due to the Besearch Fund Coiiiinittee 
of the Chemical Society for a grant towards the expense of this 
investigation, and to Br. J. Iv. Wood for a supply of synthetic 
alanine from which the active benzoyialanine was prepared. The 
experimental portion of this work was performed at Birkbeck 
College, London. 

MUHICiFAIi TEGHnlCAU SCHOOU, 

BLACKBUBisr. 1918 .] 


XLV . — The Dissociation Constants of some Higher 
Members of the a-Oximino-fatty Acids. 

By Cedkic Stanton Hicks. 


Hantzsch and Miolati {ZeiUch, phi/sikal. 1892, 10, 1), in 

an investigation of the dissociation constants of tfie lower members 
of the a-oximino-fatty acids, drew the conclusion that in the series 

as the series' is ascended the dissocia- 
tion constant diminishes in value, not steadily, but by a series of 
oscillations. Thus it was found that K for the first four acids, 
in which a hydrogen atom is successively displaced by the methyl, 
ethyl, and propyl groups, varied as follows: 0*0995, 0*0514, 0*0830, 
and 0*0685. 


, 'They considered that the variations. -w-ere due to alternate iiuctua- 
tioiis in .the" proximity of the hydroxyl 'to the carboxyl group, near- 
ness of the hydroxyl, according to them,: weakening the acid.. This, 
may be expressed graphically thus: 


H-C-CO^H 



(L) 


OHs-C-eOgH 

(It) 


OjHs-C-COjH 

l\ . 

^OH 

(Ul.) 


As pointea out fey Inglis and Knight (T., 1908, 03 , 1596), if 
tfee value for the second acid is abnormal, the series loses its interest, 
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and they accordingly began a reinvestigatioii of tlie conductivities 
of these acids. ■ 

In continuation of the work begun by these authors, an investi- 
gation of the dissociation constants of the higher members of the 
series has been undertaken. 

Experimental. 

The acids were prepared by Bouveauit and Locquin^s method 
(Bull. Soc. eliim., 1904, [iii], 31, 1055) (compare Inglis and Knight, 
loc. cit.). 

In the case of ethyl a-oximinohexoate, treatment with cold 
potassium hydroxide furnishes the potassium salt of the ester, ^^the 
oximino^gTOiip thus acting as a negative group ; when warmed with 
two molecular proportions of the alkali, the solution being acidified 
in the cold, the potassium salt (N*OK) separated, from which the 
acid was obtained on warming with hydrochloric acid. 

Determination of 

Owing to alterations in the laboratoi'y being in progress at this 
time, it was impossible to prepare water with a smaller specific 
conductivity than 3’3 X 10*“^. 

The conductivity measurements were carried out at 25^, and 
owing in some cases to the rapid decomposition of the. acids, together 
with the high conductivity of the water, measurements were not 
continued past a dilution of 256. All measurements except those 
at a dilution of 16 litres were duplicated. Since the conductivity 
was found to rise with the time, in order to obtain uniformity all 
measurements were made ten minutes after each successive dilution. 

In the case of a-oximino-jS-phenylpropionic acid, solution could 
only be effected by the aid of heat, even at a dilution of iY/32. 
The solution, however, was evidently supersaturated, for after 
some hours crystals separated from it. 

The values for Aqo were calculated by means of Ostwald's 
.empirical law, making' use of the number of atoms in the molecule.''. 
The,' agreement' between the values obtaiU'ed in this way and those 
'obtained"' "from . the' .sodium' ■ salt showed sufficient' agreement in ' the 
case of the lower members ' to warrant the use of the same method 
for .:;th'e' higher members of' the series, '(see Tnglis ' and Knight,, loe. 
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Mq-uividetit Coiiductivit } ea of Ih c .1 cid^ . 
a~Oitimmoi%ov(iltri(' Add (m- p. 151*5°). A^q ^^378. 

16 32 64 128 ^256 

48-15 66-5 87*5 110*8, 136*8 

A:= 0-116 0-117 0*109 0*094 0*071 

Mean value of K from the first three measurements 0*114. 


a~0(thnino-i\-he.xo%c Add''' (m. p. 131 — 132°. A^r, —377. 

V=: 32 64 128 

A,.=: 51-6 69*7 91*9 

K= 0*0679 0*0656 0*0615 

Mean 0*0650. 

The ethyl ester, CgH^gOghT, which has not been described, melts at 42®. 


■ a~Oi:dm/moiBokeame Add (in. --p. 150 — 151°). -=377* 

F=r ■ 16 ■ ' 32 ■ 64 ■ ' 128' 256 ' ■ 

A,,= 32*8 47*0 . 64*1 88*75 119*4 

K^- 0*0515 0*054 0*055 0*057 0*056 

Mean IC- 0*056. 

a-O(iimino-0-‘pken^^y^^^ Acid (m. p, 163°). A.x,, =377. 

F= 32 ■ 64 ■ 128 . 256 

49*5 67*7 89*7 118*7 

0*062 0*061 0*058 0*056 

Mean iC= 0*57. 

. a-Otdmim phenpla.ee f/ic . 1,,27°), A..^^ ' 379. ■ 

Recalculated, from, Haiitzscb and MiolatTs , results. 

, 'F= ' "16 ' 32 ' 64 ■, " ■ 128' , 256 • 

' 55*05 75*37 '101*48 '133*9 " ' 172-2 

' O-mO ' ■0*1545. 0*1531 ■ 0*1508 '■ 0*14,78 ' 

Meants: = 0*1619, 


o/ Alcwfe in 1.^ 

,, 1,11 ',o,rder, to ■obtain,,' if' possible, ■'',some' ■ idea ,of 'the. Tiaturo, of^ tlie 
decoiBpQsi'ti'on ■undergone'' by 'these, ,acids' in solution, an ,app,ro;Xi]m- 
ately,' iT,/ 40-solution,, nf , a-oximinoi^ovalerxc ,,aoid .was '■, placed ', in tbe 
thermostat, .at,,:, ,25°. ■ The strength .'of, the ' acid- ’was,,;, estimated, ' at 
intervals,,',; by titration with A^./.20-sodium 'hydro'xide',; ■ ■. ■,■,' ■" 

, The "following; ,are' the ,' values- obtain,ed,--"5 c'^c.'', of'' acid ','beih,g' 
e,mployM;,'f,or''each''-titration: 

-Time. In-houT-S':. :'^'0 ' ,■ ■■■2*5'„ ■ ■ 3*5-""" " ' - 5*5 ' -''2'1'*5"-^:' 

■■-'■: ^ ';Titr 6 tu 'o,c. , ,.X'.,A:, ■.^■i2*67.'.'.\-.''v'i‘T;;;'',, 1--62." ■ - 1*4',, -':''c,'0‘,8„', 
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All attempt tO' determine the velocity constant for this decom- 
position was unsuccessful, owing probably to the doubtful nature 
of the products, of which carbon dioxide is on©, but the concentra- 
tion of which is uncertain. The result therefor© only shows the 
diminution in strength approximately. 


Discussion of Results. 

Owing to the unstable nature of the higher members of this 
series of acids, little definite conclusion can be drawn. 

The rise of conductivity with the time may mean a change from 
one isomeride into another, or it may simply mean a gradual 
decomposition, the conductivity ultimately becoming that of a 
complex , solution. 

It seems certain, however, that the oximinic hydroxyl group, 
rather than acting as an alcoholic group, as was implied by Hantzsch 
and Miolati, acts negatively, and so would lead to the greater 
strength of the Tsyn^' acid,' not the modification. There 

seemS:' to' be some anomalies in Hantzsch^s conclusions as regards 
configuration, for (Ber., 1891, 24, 36) he states that the acetyl 
derivative of the a-oximinophenylacetic acid, melting at 145®, is 
decomposed by carbonate into the nitrile, carbon dioxide, etc., 
whilst that melting at 127® gives the original oxime. Since the 
melting point is a decomposition point, we should expect the 
^*syn **' acid to decompO'se more readily, that is, at the lower 
temperature. Again (ibid.), he states that the *‘syn^^ oxime is 
converted into the anti'' acetyl derivative by the process of 
acetylation, and since no mention of the preparation of the syn ” 
oxime is given, it is difficult to accept this as final. 

Judging from the above results, and those obtained by Inglis 
and Knight, it seems, as was stated by these authors in connexion 
■with the lower members, that the relation between configuration 
and dissociation constants is not so simple as was supposed, and an 
attempt to utilise the melting point as a means of assisting in the 
conclusion ' is Just AS unsatisfactory in its result, 

'^ ';On© might expect to find some relation between the instability 
of the acids in aqueous solution ' and the configuration of . their ' 
molecules ; now in the case of a-oximinoisovaleric acid, the strength 
diminished in twenty-one and a-half hours from O'OBlif to 0*008if , 
whilst, in the case of oroximinoisohexoic acid, the strength only' 'fell, 
from' 'O'OSliV to 0-02'6iV' in. twenty-four hours. ' 

Here we have ■ no, simple relation in the change of' titre, because,; 
applying' Bischoff's dynamic 'theory, the' obvious , conclusion; would 
be that ' '''n-oximinoi^o ■would- be The, less stable, of, ' the,' 

" '' von* 'Ox.Hi.' ; , ^ 
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two^ since tke two metlayl groups in the 5 -position with respect to 
the hydroxyl of the oximino-group ought to force the hydroxyl and 
carboxyl groups nearer together and cause instability ; but this is 
Inconsistent with the ' fact that a-oximinois’ohexoic acid, is one' of 
the easiest to prepare^ and it; is. also fairly stable in aqueous solu- 
tion, the titre falling off only slightly in t-wenty-four hO'Urs. 

On the other hand, a-oxiInino^ 5 ohexoic acid may have the anti '' 
configuration, and this would he consistent with the fact that 
a-oxiinmo25o valeric ' acid' is much stronger than a-oximino'is'ohexoic 
acid. a-Oximinophenylacetic acid has a higher dissociation con- 
stant than a-oxiinino-^P-phenylpropionic acid, ^ This may be partly.,, 
due to space relationships and partly, due to the negative character 
of the phenyl .group,' " - ■ ■ r , , . 

According to Bischoff and Hedenstrom {Ber., 1902; 35,- 4096,),' it 
seems that, in general, the phenyl esters are hydrolysed with greater 
■difficulty than the ■ henzyl ‘ esters, thus pointing to .hindrance due 
to, the closeness of the nucleus; this ..same closeness would lead to 
proximity of .oximino- and carboxyl groups, and thus to a stronger 
■acid. ' As, regards purely aliphatic acids, however, all that can be 
said .at the present juncture is that there is strong evidence of the 
oximino-group reacting negatively, but that general conclusions as 
regards the series' are: unjustifiable. 

\My thanks '.are due to Dr. J. K. H. Inglis, at whose suggestiO'H 
these ■experiments were carried out, for his ' guidance' and assist- 
ance , during, .'the investigation. 

Uni vBB,siTY or Otago, 

Dunedin, 

Hkw ZSeadand, 


[Reoeirnd Map l*Mh» 1918,] 
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Jhe Princi'ples of Dijfiision^ their Analogies and 

Applications, 

^ A Leelure clelivered before tlie Cheniical Society on June Gtli, 1918. 

By Horace T. Brown, LL.B., F.R.S. 

How it comes about that one who is neither physicist nor mathe- 
maticiau should have the temerity to address you on the subject 
1 have chosen for my lecture requires a few words of explanation . 

1 was perforce led to- the study of the phenomena of diffusion 
some twenty years or so ago- when investigating the photo synthetic 
processes which go on in the green organs of plants. A serious 
difficulty occurred in ffnding an explanation of the mode by which 
the assiinilatory centres of a leaf can be supplied with the highly 
dilute carbon dioxide of the air with sufficient rapidity to account 
lor tlie observed rate of increase of carbohydrates in a leaf lainiiia 
placed under favourable conditions of insolation. 

Some idea of the required magnitude of this gaseous flow may be 
gathered from the fact that when a leaf is actively assimilating, it 
may happen that its surface is taking in atmospheric carbon dioxide 
more than half as fast as an equal area of a concentrated solution 
of alkali hydroxide would do if submitted to a constantly renewed 
current of air with the same carbon dioxide content. 

This would be a surprising fact even if we regarded the whole 
surface of the leaf as being permeable to atmospheric carbon 
dioxide, but we now know with certainty that the leaf cuticle is 
impeiwious to caihon partial pressures considerably 

above those at which it occurs in the air, and that the whole of 
the gaseous exchanges incident to assimilation take place by free 
diffusion through the stomata, minute apertures in the cuticle 
which only represent from about 1 to 3 per cent, of the total surface 
area of the leaf . Hence it follows that these minute openings must 
have the power of drinking in atmospheric carbon dioxide at a rate 
about; fifty' times greater than apertures.- of similar dimensions 
■would "do' if they, were filled completely with a constantly renewed 
solution of alkali hydroxide. 

This led me to an experimental investigation of the laws of 
diffusion as applied to the pass'age of gases through small apertures' 
and 'multiperf orate "septa,, and ultimately to a complete' expla,'na- 
tion of the mode by which the ■ diff-usive fiow: can be accelerated" by 
such' structures ' as we find in the’. leaf, without' postulating anything 
inconsistent. . witdi . the,- well-established- 'laws of, . diffusio'n ; in fact, :if 

-. VOL. 'OXI-Ii;' '-";. ' -' - 'a a 
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tlie exact coiiditio-ns are defined, tne degxee of efficiency of sucli a 
mecliaiiisiii can be deduced from those very laws. 

It is to these and certain other cognate pbenomena that I wish 
to direct your attention this evening, in the hope that my remarks 
ma}' stimulate further inquiry into a subject of considerable 
interest, which has many applications in various directions. 

'That chemists generally in this country liave paid far too little 
attention to diffusion phenomena, and to the important part which 
they pla^T in many departments of chemistry and biology, is 
sufficiently evident from the scanty treatment which they have 
received in the majority of our text-books. This is the more 
remarkable and less excusable, since the very foundations of our 
knO'Wledge of the subject were laid clown by Thomas Graham, of 
pious niemory, one of the founders and the first President of this 
Society. If chemists had rendered themselves more familiar wdih 
such ,c|iiestions, less surprise would have been expressed when 
Nernst, as recently as 1904, stated what ought to- have been a self- 
evident proposition, that determinations of the velocities of ■ reac- 
"tioiis taking place at the boundaries of heterogeneous systems may 
be entirely vitiated if we fail to take into account diffusivity as a 
possible limiting factor. 

Ill' this connexion, I should like to refer as briefiy as possible 
to some experiments which I made at the very outset of my 
inquiries, since they well illustrate this proposition of Nernst. 

When a current of air containing any constant proportion ■ of 
carbon dioxide up to about 18 or 20 parts per 10,000 is caused to 
move in a turbulent stream of known velocity over the free surface 
of a normal solution of sodium .hydroxide, the temperature being 
maintained . constant, the rate of ■ .absorption of carbon., dioxide per 
unit area increases with the speed of 'the current nntil' a linear 
velocity of about, 260 metres per hour is reached. 'As long, as the 
other conditions are unaltered, any further increase in the velocity 
of the air current is unattended by any change ' in the rate, of 
absorption, thenon,centration of the carbon, d,ioxide' at the immediate.' 
boundary of the two surfaces '.having then attained' its maximal 
value. ' ., Until, this point is' reached,- gaseous 'di'ff,usion is , still play- 
" ing- some , part 'in the reaction. ..Tliat there is no- corresponding 
limitation . -of - the reaction in the ' liquid itself is ,shown by theTact " 
that the, rate of' absorption is not inff.uenced by any further' stirring 
of the solution other , than that, produced by' .the, air-current passing 
over it. ■ ■ ■; , , 

Under '.these ,conditions,'. the," .rate of ' absorption of ' , the ' carbon 
.-dioxide "per' unit -area;,, of liquid’ .surf ace^- varies .^directly-- with 'its ■, 
,'partial 'pressure, and':. so/exact ^is'r.this-rela.tioii,' that it, has, form'ed'.the; 
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basis O'f a very accurate method for determining the amount of 
carbon dioxide in the air, which has the advantage that it is quite 
unnecessary to measure the volume of air employed. 

The following table illustrates' the degree of accuracy attainable 
by ineasiiriiig, the rate of absorption per unit area. 

The first column shows the carbon dioxide content as given by 
passing measured’ volumes of air through a Keiset apparatus, whilst. 
tiiO' second column 'gives the corresponding values deduced from 
the rate of surface absorption by a known area of the absorbent 
liquid over which unmeasured volumes of air have been passed in 
a turbulent stream at a sufficient velocity to produce the maximal 
elect. The results are given in parts per 10,000 of air reduced 
to^niomial temperature and pressure. 


(1). 

Table I. 

(2). 

Diilereiices* 

0-04 

0-04 

0 

0-19 

0-19 

0 

0-56 

0-57 

+ 0-01 

1*08 

1-08 

0 

M5 

1-21 

-fO-06 

3-21 

3-30 

-fO-09 

3-36 

3-30 

-0-06 

4*58 

4-41 

--0-17 

4-89 

4-93 

' + 0-04 

6*75 

6-72 

--0-03 

7*65 

7-50 

-.016 

8-64 

8-23 

-0-31 

i2*63 

12-40 

-0-13 

17-94' 

■ 17*74 

-0-20 


The researches of Graham on the diffusion of gases, commenced 
in 1829, and continued at intervals up to 1863, are so well known 
that I need only make a passing allusion to them. They were 
carried out for the most part with an intervening septum of some 
porous material, such as plaster 'of .Paris or thin plates oh coni- 
pr-essed graphite. When the gases ■ communicated through such' 
narrow channels or pipes he was' led .to a certain generalisation,,' 
which in his own words was as follows: 

‘’^ The diffusion, or spontaneous intermixture of two gases in com 
tact, i's 'effected by an interchange in position of indefinitely minute', 
volumes of the^ gases,' which ■ volumes are not necessarily of . equal 
magnitud'©,','heing-'in the case nf each gas inversely proportional: to 
the 'square root of the density of that gas/' " ' ' 

' ' . Such'', .results had,. ' of , , course, ■'only ' relative ' ' values, ' and Graham 
clearly s,aw that absolute values could' only be a'Scertai'tied,...by' allow-, 
ing .'the'"'ga'ses;'t '0 ,mix' through .a wide opening’ by , free ' , 'and''' im- 
'obstructed diffusion*. 'It wvas only 'at a much later .'pe'riod' 'that he 

:A':Ay2 , 
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coiimieiiced any systematic experiments in tliis direction. lie 
briefly described these in the concluding section of his paper of 
1863 Oil the ''Molecular mobility of gases'’ {PhiL Tran,^,j 1863, 
385) with the sub-heading "Interdiffusion of gases without any 
intervening septum.” Beyond showing that whilst a portion of 
carbon dioxide can diffuse through air at the rate of 7‘3 cm. |)er 
iriiiiiite, Avhilst a sensible portion of hydrogen travels in the same 
time about live times as far, these experiments did not lead to 
inucli, and the numerical results do not lend themselves to a deter- 
niinatioii of the coefficients of diffusion. Some seven or eight 
years afterwards, however, they served as a starting point for 
Loschinidt and his school in establishing a consistent theory of 
gaseous diffusion. 

Long prior to this period Graham had been investigating the 
diffusion of liquids by liis “ open Jar method, and in his Bakerian 
Lecture of 1850 he described a large number of experiments on the 
comparative diffusivity of different substances in solution. His 
general conclusions were that, whilst every substance has its own 
particular velocity of diffusion, the actual rate of transference in 
solutions of the same substance depends on its initial concentration 
and on the temperature. Other things being equal, the amount 
of salt diffused in a given time is very nearly proportional to this 
initial concentration, and increases with the temperature. 

Graham made no attempt to formulate any general law con- 
necting the three variables time, concentration, and space traversed 
by the diffiisate, but his observations fortunately attracted the 
attention of A. Eick, of Zurich, who', five years afterwards, in 1855, 
succeeded in developing from them a fundaniental law for the 
operation of diffusion in a single ■ element of space/ 

Eick's law of diffusion, like Ohnds law at an earlier date, was 
derived, from the principles , enunciated in 1822 by Fourier in his 
celebrated work on , the 'Analytical Theory of Heat-principles 
which have been found applicable to so many diverse yet analogous 
sets of p,henomen.a. 

■Lord, Kelvin justly, described this treatise' of Fourier as a great 
mathematical poem. Although dts' beauty - and magnificence can 
perhaps, o^iily be aclequate-ly and fully appreciated by the mathe- 
matician, -it is a . work of genius which cannot fail to excite the 
wonder and , admiration, .even of those who, like myself, have not 
the requisite mathematical knowledge to follow it -in all it-s details. ■ 

' Tt'-was n 0 ;.doubt the ninth chapter of-this treatise, dealing , with 
the' lineaiV'.diffusion' of 'heat in^rigid substan which gave Fic-k 
■ the desired ' -clue fchkilaw'' of diffusion. 
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Fourier iiacl shown that if we imagine a plane lamina of con- 
ducting material with parallel faces, one of which is kept at a 
constant temperature and the other at a lower temper a tii re 
and sufficient time has elapsed tO' establish a peniianeiit flow of 
heat between the two surfaces, then the quaiitit3’' of heat (h flow- 
ing through the lamina in a given time t, will be directly propor- 
tional to the temperature difference -^2 of its two surfaces. Q 
must also be directly proportional to rl. , the area of the lamina, 
and inversely proportional to its thickness r, so that wfe get the 
following general expression for the steady condition of the flow 
of heat: 

in which k is a quantity dependent on the nature of the substance 
and representing its conductivity. Jc is a constant if the con- 
ductivity does not vary with the temperature, and may be defined 
as numerically equal to the quantity of heat which will flow through 
unit area of a lamina of unit thickness in unit time, when there is 
unit difference of temperature between the two faces. 

If the lamina is supposed to have an infinitely small thickness 
and there is an infinitely small temperature difference between 
its two faces, the above expression becomes 

Q = Jc^A.dL 

ax 

cli^ • ■ • ,, « ' 

is the ^‘gradient of tem2^erature '' at any point, so that the 

flow through unit area per unit time is numeiically equal to the 
vondin'tivity multiplied by the tem/perafure 

It is the particular merit. of Fick that he wm the first to express 
the idea that in all probability diffusion follows the same law, and 
that, mu tat is mutancf/lsy it is applicable to the transference of a 
solute ill its solvent, just as Ohm had found it applicable to the 
flow of electricity in a conductor, the concentratioii of the solute 
being in one case the analogue of temperature and in the other of 
electrical potential. 

Proceeding exactly according to the model of Fourier s nicitlie- 
luatical development of a linear flow pi heat, and assuming'' that in 
a diffusive column concentration gradient corresponds \xith tempera- 
tiir© ' gradient, ' .Pick arrived at the. conclusion that when a eolute 
,diffuse.s . in ' an . axial direction along a column of , constant .cross- 
.section, that is ^ one which is cylindrical ■ or ' prismatic,' the .fall of 
concentration ' p,. in any, infinitely' thin layer,' at , a;, distance,. 'a:.: .from. 
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any point of reference in tlie column, slioukl in 
satisfy the partial differential equation. 

8t 


give’ll tiirie' t 

o 


111 tills formula k represents the coefficient of diffusivity wliicli, 
subject to certain limitations, presently to be referred to, is constant 
for any given solute and solvent as long as the temperature does 
not vary. It is the exact analogue of Fourier’s coefficient of heat 
conduction. 

To quote Fick’s own words : '' According to this law, the transfer 
of salt and water occurring in a unit of time between two elements 
of space with differently concentrated solutions of the same salt 
must, meteris paribus, be directly proportional to the difference of 
concentration, and inversely proportional to the distance of the 
elements from one another.’^ 

The law should hold good for any case of diffusion in which the 
link of ffux are parallel to each other, whether the condition of 
steady flow has been attained or not, but, owing to the difficulties 
attending the calculation of a sufficient number of values for the 
development of the integrals of the equation for special cases, Fick 
sought the requisite experimental proof in an examination of the 
distribution of density in a diffusive column which had attained 
the state of dynamic equilibrium. Under these conditions, the 
dift’usive flux no longer alters the concentration in the space 
through which it passes, since each infinitely thin layer is receiving 
as much salt on one side as it is passing on to the next similar 
layer in juxtaposition. 

The above fundamental equation can be shown to contain the 
proposition that when such a steady condition has been, reached, 
the differences of concentration of any two pairs of strata in the 
column must be proportional to the distances of those strata, so 
,that the decrease ■ of concentration measured along the axis of the 
column ought to vary as the ordinates of a straight line. 

The experimental method by which Fick attempted to verify 
this deduction was a somewhat crude one,- but the results as a first 
approximation were found to-’ be- in fair accord with, theory.' -Since 
'liis time 'many m-bservers have'- intro-duced more refined processes 
■for, 'dete-rmining ihe ' -progress'ive va'riations - of conceiitrati,on in a 
,- static -€,Qlumn,, ,based -on -optical-,- chemical, -and electidcal methods. 
,--By far - the most' satisfactory .of these is due to Weber, who -in 
'.,:-X879 made,', use -of 'the fact"that the EM.F, developed between two 
-, - electrodes' of ' zinc, or two, of copper, immerse-d' respectively in 'solu- 
- tio-ns'-of zinc sulphate, and copper' sulphate, can be used for ineasur* 
-',-'fng,'with great ' exactness the concentration at the boundary , surface 
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in contact with the electrodes. The results in every way coiihrnied 
the accuracy of EicFs law. 

Graham in his last paper on liquid diffusion, published in the 
Philosophical Tra7isactions for 1861, recorded the results of a 
further series of experiments in which he used an improved method 
of ‘ jar-diffusion/ which enabled him to ascertain the degree of 
concentration of a salt in progressive layers of the diffusion column 
of a certain definite thickness. He does not refer to the important 
generalisation of Fick, which was apparently unknown to him, so 
that his conclusions as regards diffusion velocities are only of 
relative and qualitative importance. It was ‘not until Stefan in 
1879 had submitted these latest results of Graham to mathematical 
treatment that they were shown to be, on the ivhole, in accord with 
Fick’s law. That the desired experimental verification should in 
the first place have been forthcoming from studies on hydro-diffusion 
rather than from those on gaseous diffusion is not surprising, since, 
in the latter instance, the molecular interpenetration, which is the 
essence of the process, takes place with far greater rapidity, and 
the difficulties in preventing mass movements are correspondingly 
increased. 

• Satisfactory proof that the progress of gaseous diffusion can also 
be expressed by Fick’s law was first given by Loschmidt in 1870, 
the partial pressures of the interpenetrating gases being equivalent 
to the 'concentration’ in hydro-diffusion. As might be expected, 
the law also holds good for the diffusion of vapours proceeding from 
the surfaces of volatile liquids. 

A full and complete theory of gaseous diffusion from the kinetic 
point of view has still to be formulated, although so much has been 
done in this direction by mathematical physicists that there is a 
reasonable hope that all the observed phenomena will ultimately 
be deducible from a completed dynamic theory. Be that as it 
may, however, Fick’s law or Fourier’s law, whichever we may 
choose to call it, is one that enables us to solve nearly all the 
problems met with in practice, and it has the advantage that it is 
quite independent of any hypothetical assumptions as to the nature, 
constitution, or molecular condition of the substances taking part 
in diffusion, provided no dissociation occurs during the process. It 
merely gives in a compendious and useful mathematical form the 
experimental relations which exist between the three variables 
concentration,, time, and' space trave'irsed in such a manner' as to,, 
admit of ascertaining the state„of the system at any 'given .stage. 
Like the Phase Rule, it is, a theorem : which would' still remain "true 
even in the unlikely event of pur present kinetic and molecular 
theories . being radically modified' ''or entirely ./abandoned, ' 
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Tlie essence of Fick‘s law is that the ' driving forces ’ which ca,iise 
the transference of a substance from regions of high to regions of 
low coiiceiitratioii are proportional to the concentration gTadieiit/^'' 
Eick's fiindaiiieiital law, like all other '' la^vs/” has its liiiiitatioiis 
and must be regarded merely as a close approximation to the 
truth, and subject to correction as our knowledge increases. As it 
stands it may be compared wdth tbe* iincorrected gas law of Boyle 
coniiectiiig pressure with volimie. It assumes, for instance, that 
the coefficient of diffusion, at a given temperature is constaiit 
and indepeiideiit of the concentration, which is certainly not 
strictly correct. 

Ill his Kinetic Theory of Gases,'’’ O. E. Mayer, in attempting 
to deduce the theoretical formula of gaseous diffusion from the 
kinetic considerations of Maxwell and Stefan, indicates that whilst 
the dynamical theory" is in. accordance with observation as, far as 
the iiifluence of temperature and pressure is concerned, his dynamic 
formula suggests that k, the diffusivity coefficient, ought to vary 
slightly with the number of molecules of one or the other kind of 
gas ill unit volume of the mixture; that is to sa}^, it ought to 
assume a somewhat different value in different parts of a diffusive 
colimiii, dependent on the ratio of mixture. 

Small progressive variations of this kind have been recently 
recorded by' Jackiiiaiin, Deutsch, Schmidt, and Loiiiiis for the free 
interdiffusion of various pairs of -gases, but it is cpiestionable 
whether the very small differences recorded .are not within the 
limits of experimental error (see Jean's ^‘Dynamical Theory of 
Gases,'’' p. ,334). .Moreover, these- experiments were necessarily 
conducted with the two gases initially at equal pressures, and there- 
fore containing the same number of molecules, per' unit vob.one, 
0. E., Mayer lias pointed out that these are 'iiot the best conditions 
for ascertaining if k varies with the ratio of mixture, and tliat we 
ought' to eniplo-y gaseous mixtures containing only small .masses .of 
one of the' constituents. 

*.,It is somewbat .surpris'ing that the phenomena of osmotic pressureliavo 
not been often regarded from this point of view. 

■ It 'is a,.s legitimate to speak of the concentration of the solvent in a soliitic,»u 

as the concentration of 'tbe solute, both are' expressed by As the 

volume 

coii(?e.ntratioii of the solute increases that of , the solvent diminishes. WI.u.:,*u 
,a solution and the pure solvent are separated by a membrane .impervious to 
' ;th© solute the' inequality of .« concentration” of the solvent on either 'side of 
the, membrane must -necessarily 'result in a -diffusion current passing across 
the membrane from the region of high concentration of' the. solvent to regions 
of low, concentrati-om, that is, .from the pure solvent to- the solution.' It ,is., 
" this process which 'fives' rise' to 'the 'osmotic pressure.” 
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During' a certain stage of my 'Work, I have been able tO' realise 
these conditions by determining the rate of the diffusive flow of 
atmospheric carbon dioxide, at a partial pressure of about 3/10,000 
of an atmosphere, along a column ’of air after the static condition 
had been induced by introducing a perfect absorber of the carbon 
dioxide at one end of the tube. 

If the coefficient of diffiisivity for the system carbon dioxide-air 
is appreciably influenced by the ratio of mixture, these are just 
the conditions under which one would expect indications of it. 

In these experiments, and in others made^ by determining the 
rate of flow through apertures of known dimensions, no positive 
evidence of any such differences was forthcoming (see Brown and 
Escombe, PML Tram., 1900, 193, 241, 269). 

In the phenomena of hydro-diffusion there is more convincing 
evidence that the value of h appreciably varies with the conceii- 
tration, but until we have more accurate determinations of the 
coefficients of diffiisivity of solutes than at present, this and other 
small disturbing influences, such, for instance, as those due to 
volume changes induced by the progressive dilution of the diffu sate, 
cannot be evaluated with certainty. 

Meanwhile, Fick’s law is a very good approximation and 
sufficient for all ordinary purposes. It only requires correction in 
the same manner as does Fourier's law in the theory of heahcoii- 
duction •* as there the quantity of internal conduction slowly 
diminishes as the temperature rises, so here the quantity of the 
diffusion gradually sinks to smaller values as the concentration 
increases; Fick’s hypothesis expresses the course of diffusion with 
only the same accuracy with which Fourier’s elementary law repre- 
sents the process .of the conduction of heat in rigid bodies” 
(Weber). 

I must now pass on to the consideration of some concrete ex- 
amples of diffusion in certain typical and well-defined systems. 

I have already referred to some of the conditions which exist in 
a diffusion column of cylindrical or prismatic shape when the con- 
centrations of the diffusing substance are maintained at constant' 
but unequal values at its two faces for a sufficient lengtb of time 
to induce the steady condition of flow from one face to the other/ 
In such a system, , equal amounts.' of 'the ' diff usate must', necessarily'.' 
pass across each cross-se.ction in equal intervals' of. time, , and/the 
'fall 'of concentration of' the d,iffusate'will ' be uniform/ that , is to 
say, ' if the 'dens,ities or concentratio.ns.are plotted , against the./corre- 
sponding distances of the, cross-sections from the point' of',',. '©.rigiii, 
the slope or. gradient of density will be',rapr'ese.'nted by '.a, 'right line 

A. 
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the steepness' of which is inversely proportional to tho total length 
of the column. 

If the concentration at one face is represented by p, that at the 
other face by some value which is less than p, and the length 
of the column by then at constant temperature the magiiitiide 

Q of the flux will vary directly as the gradient Q will also 

be directly proportional to the area of the cross-section of the 
column, to the coefficient of diffusivity and to the time t. 

If consistent units are employed, the diffusive efficiency of the 
system will be represented by the equation 

Jj 

In such a static system the stream lines of the flux will be 
represented by an infinite number of straight lines drawn parallel 
to the axis of the column. On the other hand, every cross-section 
of the column corresponds with a surface of equi-density of the 
diffusate to which the lines of fiux are normal, and the uniformity 
of the gradient may be illustrated by drawing any number of lines 
representing these surfaces of equi-density at equal distances apart. 

Although the essential elements of the system have their 
analogues in the conduction of heat in a bar which has attained 
the steady state, the parallelism of the two sets of phenomena is 
only complete if we imagine such a bar to possess no power of 
thermal emission from its surfaces.' 

On the other hand, the diffusive flow is strictly analogous to 
the steady flow of electricity along a conductor of uniform cross- 
section maintained at its two ends at a constant difference of 
' potential • V — In this case, the coefficient of diff usivity , , /i:, 

corresponds with the electrical conductance, and the surfaces of 
equi-density with' those of equi-potential. 

Some 'time ■ ago Professor Hele Shaw (PM. Trans., 1901, [A], 
'■' QBy 303), while investigating the- stream lines of a 'moving viscous 
'.film, which' is known to ,ohey. Pourier^s law, discovered that two- 
■ dimensional cases- of magn-etic ' lines of force can be illustrated in 
,, a very beautiful manner by' the flow of differently, coloured viscous 
liquids- under a constant -head .of' pressure. In a -diffusive field, it 
-, ' has not "been - found .practicable -up -to the present to .demonstrate 
the existence' of 'the ■ actual' lines of fiux, but, on the other hand, 'it 
" is' quite , possible to' render visible-'the surfaces of equi-density of a 
' diff usate, -and from these, to' '-deduce the shape of -the. stream ' lines 
/''which' 'are'/' -everywhere. 'orthogonal'.. to those surfaces. 

In the early days I obtained vis'ual -evid'ence of the- -shape' and' 
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relation of tliB zones of equi-density in various systems "by tlie 
intermittent diffusion of solutions of sulpliates and cliromates into 
a gel of agar or gelatin to which had been added a little barium 
chloride. In this way, the surfaces of equal concentration are 
self“deliiieated by the progressive bands or zones of the insoluble 
barium salts precipitated within the gel (see Fig. 1). Latterly for 
this purpose I have availed myself ‘ of the Liesegang phenomena, 
whereby, under favourable conditions, two opposing diffusive 
streams of reacting substances can be made to produce in the gel 
a rhythmical series of zones and bands which follow the contours 
of surfaces of equi-density. 

I have here some examples which show the position of these 
surfaces as they exist in cylindrical and prismatic diffusion columns. 

In hydro-diffusion, most of the coefficients of diffusivity which 
appear in our tables of physical constants have been derived from 
the observed rate of flow in columns which have attained the steady 
condition to which I have referred. The values of h are generally 
expressed in centimetre-gram-day units, reference being made to the 
temperature and the concentration of the solution at the head of 
the column. Many of the recorded values are only approxima- 
tions, and have to be treated accordingly. The static method is 
only rarely applicable to gases, but in a modified form I have 
shown that it can be successfully employed in determining the 
diffusivity of atmospheric carbon dioxide in the mixed gases of the 
air, although its partial pressure is so small. 

We have seen that as long as we confine ourselves to the study 
of diffusive columns which have attained the steady condition of 
flow, the relations of the various factors which determine the rate 
of flow and the distribution of density in the column are capable 
of simple mathematical treatment. If, however, these conditions 
are not completely fulfilled, and the diffusate is still in process of 
extension into fresh regions of the column, the particular state of 
the system can no longer be determined by elementary mathe- 
inatics, but nevertheless can be deduced from the fundamental 
equation of Fick when certain definite information is forthcoming 
as to the conditions of the experiment. 

I have here a cylindrical column of agar gel down which is 
diffusing dilute hydrochloric acid, the^ concentration of "'which, is 
mamtained coiista'iit at the- upper face of ■ the column. . To ' this 
gel has been ' previously added, a little Congo red,, and ,the degree, of,; 
penetration 'of the acid is marked ■.■by, 'the 'prog,ressive', , change of 
colour 'from red to '"blue. '■'"' . 

■ Since ■ the,, acid ' diffusate is ■. constantly'''' adva,u,cing.' 'liirther and 

'':'..A,'A* 2 
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fiirtlier from its source, it is evident that any given stratum in 
tile blue part of the column must he receiving more of the acid oi:i 
its upper surface than it is transmitting from its lower siirlace to 
the next similar stratum immediately below it, sO' that the fall or 
gradient of density of the diffnsate cannot be uniform, as it is in 
a diffusive column which has attained the static condition. A 
complete definition of the state of such a system at any desired 
moment is, however, derivable from the partial differential equa- 
tion of Fick if we have some means of determining the exact posi- 
tion ill the advancing column of a definite and thin stratum where 
the concentration of the diffusate has a known small value, and we 
can measure the distance between this stratum and the face of the 
coliiiiin, where the acid is maintained at a known concentration. 

The extreme limit of the blue coloration corresponds with such 
a definite stage, and the concentration at this point can be ascer- 
tained by a preliminary titration experiment. Knowing the length 
of the blue column, the ratio of the two concentrations, and the 
time the experiment has lasted, we have all the elements requisite 
for calculating the distribution of density in the column and the 
value of k, 

I am indebted to Sir Joseph Larmor and to Mr. R. A. Fisher 
for a complete mathematical treatment of this problem, which is 
practically identical with that of a cooling Earth as investigated 
many years ago by Lord Kelvin. I need not trouble you with 
the equation which fits all the required conditions, and will only 
remark that the calculations are much facilitated by the fact that 
tlis equation involves the Probability Integrals of the Normal 
Curve of Errors, which has been thoroughly tabulated, and is much 
needed in the' Theory of Gases. 

One of the conclusions reached during the mathematical analysis 
is that if a .succession of, observations 'are made on, such an a'dva,neing 
column of . diffusions the time i requisite for the extension of the 
blue coloration along the axis ought to be directly proportional 
tO; the square of /thedength. ..r, . measured from the free surface of 

the gel, so that ^ ougM to be constant for all times. How closely 

this deduction accords with direct e.Kperiment will be noticed from 
the following results, obtained in the diffusion of dilute hydro- 
chloric acid under the described conditions. 
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Time in hours. 

Length of blue column. 

X 

L 

X, 

w 

1-0 

8-0 mm. 

8*00 

3-0 

14-0 „ 

8*08 

5-5 

19-0 „ 

8*10 

741 

22 0 „ 

8*08 

18-0 

34*0 „ 

S-OI 

^24-0 

40*0 „ 

8-16 


* By this or some similar method it is quite possible to deterniine how 
h the coefficient of diffusivity, varies with the initial concentration of the 
solute at the face of the column. 

So far, we have been considering systems in which the stream 
lines of the diffusive flux are parallel to each other and to the 
sides of a containing vessel which is cylindrical or prismatic in 
form. We have seen that in such cases, when the steady condition 
of flow has been attained, the gradient of density of the diflusate 
is uniform from end to end of the column, and that this uniformity 
of gradient can be illustrated by drawing at right angles to the 
axis, and at equal distances apart, a series of lines correspond ing 
with the surfaces of equi-density. This uniformity of gradient no 
longer holds good, however, if the stream lines are rendered 
convergent or divergent by suitable means. 

Suppose, for instance, we have a steady diffusive flow taking 
place along a tube having the form of a truncated cone. In those 
regions where the stream lines are more crowded together, that 
is to say, in the narrower part of the tube, the gradient of density 
is greater than it is in the wider part. If, therefore, we desire 
to illustrate this as we have done for the cylinder, we have to draw 
the lines corresponding with equal decrements or increments of 
density closer and closer together as the narrower end of the tube 
is approached. 

For a given difference of diffusion potentiar’ between its two 
ends, the actual ''efficiency” of a conical tube is calculable if we 
know the length of the truncated cone, its solid angle, and the 
particular value of A' for the diffusing substance, but as this is 
only a special case deducible from diffusion around a sphere, which 
we shall presently consider, I will not dwell on it further except 
to compare the relative eflaciency of a truncated cone and that of 
a cylindrical tube of the same length which has a uniform cross- 
section equal to that of the smaller end of the conical tube. This 
difference may be illustrated by a concrete example. 

Suppose we have a truncated cone of 10 cm. in length, the 
smaller end of which has a spherical area of 1 sq. cm. at a distance 
■of I 'Cm. from the apex of the completed cone ; then it can' he' 
shown that under similar, conditions . the, ' diffusive, flow" nought to'' 
be eleven times -greater through’ the ' conical tube '' tham' through;,' a 
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cylindrical tube ol the ' same length with a uiiifoi’iii cross-sect/inTi 
equal to that of the smaller end of the conical tube. 

Such accelerations of the diffusive flow through conical tubes 
can be readily verified experimentally in various ways. The prin- 
ciple is one which must have an important application in. the 
respiratory organs of air-breathing animals, especially in the 
alveolar and higher regions of the lungs which lie beyond the 
influence of the tidal air, and in which the interchange of gases is 
dependent solely on diffusion. 

When a body of spherical shape capable of acting as an absorber 
or an emitter of a diffusible substance is suspended in a field 
which is free from convection currents, the direction of the flux, 
to or from the sphere as the case may be, will be represented by 
a series of lines drawn radially from its centre, and the surfaces 
defining regions of equal density of the diffusate will form a series 
of external shells concentric with the sphere. 

Let us first consider a sphere which is acting as an absorber in 
a practically infinite diffusive field in which the initial conceiitra'- 
tion has some fixed value represented by />, and that a sufficient 
time has elapsed to induce the steady condition of flow. We will 
also assume that the sphere is a perfect absorber, that is to say, 
that at its immediate surface the concentration of the diffusate is 
always maintained at zero. Under these conditions, the conceii- 
tration of the diffusate around the sphere will vary from zero at 
its immediate surface to a value which is practically p in some 
region remote from the sphere. 

Strictly speaking, p is a limiting value which theoretically is 
never reached, but for practical purposes it may be regarded as 
attained at distances exceeding ten diameters of the sphere, so that 
similar spheres at this distance apart would exercise very little 
interference with each other. 

The distribution of the density or concentration of the diffusate 
around the sphere will be such that, proceeding from its surface' 
outwards Tn a radial direction, the defect of density, , represented 
by — p, will vary inversely with the radial , distance from the centre 
of the sphere. 'Thus at radii .3, 4. . . . the negative densities 

will be represented by whereas the actual 

positive ■ densities, measured 'in 'the 'same d'irection, progress as'O, 

ih • 

At a distance of, say, 20 radii, the diffusate will consequently 

hav©„'a concentration , of or within 5- per cent, of the limiting 
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111 a system siicli as tliis (the steady condition of flow beiiig 
postulated) j it is evident that during any given time interval 
equal amounts of the diffusate pass through each one of any number 
of concentric shells of equi-density described around the acting 
sphere. Since the surfaces of spheres are proportional to the 
square of their raclii^ this equality of flow implies that if we com- 
pare any two of the shells, the how through unit area in each case 
must be inversely proportional to the squares of the radii. The 
how per unit area is, however, directly proportional to the gradient 
of density, so that in such a field of diffusion as we are considering 
the gradient of density, that is to say, the fall of density per unit 
of radial length, must everywhere be inversely proportional to the 
square of the radius. 

This leads to the conclusion that if we have two* spheres of 
different dimensions acting as perfect absorbers in the same field 
of diffusion, and they are placed at such a distance apart as not 
to interfere with each other sensibly, then their relative effieiencies^ 
as defined by the amount of diffusate which they will absorb in a 
given time, are not proportional to their surfaces, but to their 
linear dimensions. Thus a sphere of double or half the unit radius 
will absorb in a given time double or half the amount of diffusate. 

If we represent the efficiency of an absorbing sphere by 
its radius by r, the maximal concentration of the diffusate at some 
remote point by p, and the coefficient of diffusivity of the sub- 
stance by we get the following general expression, which, 
nmtatis 7mitandis, is also applicable to an emitting sphere when 
the steady condition is reached: 

Q^4:7rrplc. 

If the sphere is not a perfect absorber and the diffusate has some 
ascertainable concentration at its surface, represented by pp then 
we should have to substitute p—pi for p in the above equation. 

It will be noted that the phenomena of steady diffusion around 
a sphere are strictly analogous with those exhibited by a freely 
suspended and insulated spherical conductor which is electrically 
.charged. The concentric ■■ shells of ' equal 'density. ' of the diffusate 
correspond, with the shells of ' ■equipotential ; in the. ' dielectric ' 
surrounding the charged sphere, "whereas' the ''gradient' of. density. 

.' 'measured 'along' the lines of, ffux .'corresponds' . with the ' gradient', of 
potential around the charged sphere measured along the lines of 
force. ' Moreover, „what ' we have,' .termed the ‘ efficiency ^ of the 
diffusive sphere is the exact 'analogue,' of ..the, electrosta,tic,'ca|?aCTj5y, 

. both .varying .directly w.ith the linear'..,.dimensions„',.of : th,.e '''Sphere. 

" '"If ".in"' spherical ' diffiisio.n . we., describe a series of the concentric 
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.shells o.f ' equal density at tlie appropriate intervals corresponding 
with equal incre.ments or decrements of density, according to 
wlietlier the sphere is absorbing or emitting, we obtain a. ligiire 
which ■ also represents the relative position of ' the eqiiipoteiitial 
zones around a charged sphere for equal differences of electrical 
'potential, and in a gravitational field the relative position of the 
zones corresponding with equal differences of gravitational force. 

Further striking, and interesting analogies' between the electro- 
static and diffusive phenomena come to ' light if we study the lines 
of force and . the equipotential surfaces around two spheres charged 
tO' the same electrical potential, and compare, these with the 
surfaces of equi-density and the corresponding lines of diffusive 
.flow induced, in a diffusive field by two emitting spheres sufficiently 
close':' together to interfere with ; each, other h action. 

■ I will 'first .show you the ■theoretical disposition of the-surfaces , 

equipotential around .twO",. spheres charged ' to the same ' potential 
with electricity': of a similar .kind,-.' 

This illustration (Fig. 2) is taken from a drawing given by 
Clerk Maxwell in his Electricity and Magnetism . ” For the sake 
of simplicity, I have omitted the actual lines of force, which in 
this two-dimensional projection would in all cases be normal to 
the equipotential lines. The forms taken by these lines or surfaces 
wwe the result of laborious caiculation. 

I will now show you (Fig. 3) how in the case of diffusion through 
two circular apertures the analogous surfaces of equi-density of 
the diffusate can be self-delineated by the interaction of the stream 
lines radiating from and to the apertures, thus giving a sectional 
representation of the shells of ' equi-de'-nsity : around' spheres.' of corre- ' 
spoiiding diameters, set. at '' ■similar ''distances apart : in, ' the 'sameq 
diffusive field. In the particular case shown on the screen, the 
interfering rings were produced by intermittent diffusion of 
alkaline sulphates and chromates into a gel coiitaining a little 
barium chloride. Similar phenomena on a small scale can also be 
produced by the interference of two sets of Liesegang’s rings formed 
by the diffusion of a solution of lead nitrate through two small 
apertures in a thin plate of celluloid floated on an agar gel con- 
taining a little potassium iodide. Examples of this are before you. 

In such a system, however produced, the reacting substances ' 
travelling in opposite directions.; mark, -'out'- regions of' equal con- ,. 
centration of the diffusates, the true stream' lines being orthogonal 
to these surfaces. 

It will be noticed, in the first place', that in the ' early stages .of ''■■ 
their formation the rings lie closer together around' the .smaller 
than around the larger aperture, Just as is, tliC" case" :.with',,. the. zones 
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q ! eqiiipoteiitial around'' two spheres of unequal size electrica'lly 
charged to the 'same potential. ' 

As th© divergent stream lines' of diffusion progress,' they begin : 
to interfere with each other, and the rings to which they are iior'mal 
begin 'to change their shape, ultimately fusing into, a single system, 
'similar to the equipotential lines of 'Clerk Maxwell (see Fig. 2). 

The diffusive and the electrostatic systems correspond in every 
detail. Maxwell by his laborious graphical method showed that 
if any one of the lines of the combined system is regarded as defin- 
ing the surface of a single body (which in this case would have 
the shape of a dumb-bell with one end larger than the other), the 
equipotential surfaces come closer together at the smaller end , 
further apart at the larger end, where the curvature is less, and 
furthest apart of all in the centre of the dumb-bell, where the 
curvature is negative, the relative nearness of the lines indicating 
the relative density of the charge at" these .points., ' " 

You will see all this well exemplified in the analogous diffusive 
system. Where the surface curvature is greatest, there the equi- 
density lines lie closer together, thus indicating a higher gi'adiejit 
of density in these regions and a greater diffusive flow per unit 
a'rea. f 

You will also observe, and perhaps this is the most mterestiiig 
point of all, that Maxwell marks a certain region (P, Fig. 2) in 
the line joining the centres of the electrified spheres, which he 
states is a point of equilibrium, and that the surface density on a 
body of the form of this surface would be zero at this point. 

This region of equilibrium is also defined in the diffusion figures 
of Fig. 3 as one of no precipitation; it is, as it were, a 'fdeacl 
spot/’ " ' ■ 

If we fill a tube open, at 'both ends-, with .a gel , containing a' littlc ' 
b.ariu'ni, chloride and .fhe^n immerse it in ■'dilute, sulphuric acid, pre- 
',cipit'atio:n of.' barium sulphate' ■ progresses ''equally from ' either „' 'end 
,of , the tube' until it's, centre ".'is' ■ -approached., , There is,, ,'how'ever, 
always a narro'W, central zone, in ."the 'middle,':. of the. tube which.,.': 
.remains ..clear,, no . matter what 'the-; terminal ' c'O'iicentration of : the 
acicl .may, be," or : how long, the ■..'e.xp'erimeht '■' ha.s l,a,sted. : The 'sam,©.'',.. 
thing . 'occurs','"' ' 'when' the .'..diffusioh ■ .-'of ''' the^ •, acid ■ takes ^ place,, : centri-; ' „. 
petally from the edges of a circular glass cover-glass placed over a 
drop of the same gel placed on a glass slide, but in this case the 
dead space takes the form of a circular spot. 

The explanation is that the two reacting substances, the sulphuric 
acid and" 'the,, 'barium'":'c,hlorid6,,'. are'" .diffusing ,■ in;,:,, opposite 'dilectioBS,' 
and . that,, the .'barium '..ions',:„have ' been .depleted , 'from , :the'., eq.uilibriimi ■ ' 
zone ..before, the acid reaches.it, a fact .which is readily demonstrated 
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by extruding the column of gel from the tube, dividing it in the 
centre of the ^ dead ^ region, and applying a little sulphuric acid 
to the cut ends. When a diffusible coloured substance is employed 
ill solution, the same plienomenon is observed at first, but ultim- 
ately, as might be expected, the column shows an equal distribu- 
tion of colour throughout. 

There is a further analogy to certain acoustic phenomena which 
is not wdthout interest. The dead space in a tube such as I have 
described corresponds in position with that of the node of an 
open organ pipe when it is sounding its fundamental note. This 
analogy may be carried still further. If, for instance, inward 
diffusion takes place simultaneously from all the four edges of a 
square cover-glass, the four opposing streams of the reacting 
diffusates mark out the regions of equilibrium in the form of a 
regular cross with its arms directed towards the four corners of 
the square, thus prodiicmg an exact picture of the well-known 
Chladni's figure which marks out the nodes of a square vibrating 
plate bowed at the centre of one of its edges. 

By varying the shape of the plate’, a further instructive series 
of interference difiusion figures can be obtained, of which a few 
examples are given (see Figs, 4 and 5). On the table are further 
illustrations of somewhat similar figures produced by Liesegaiig 
rings of lead oxide. By suitable arrangement, it is possible to 
imitate the stratification of natural agates in this manner. 

Before leaving the subject of spherical diffusion, I must dwell 
for a moment on the application of its principles to certain chemical 
and biological problems. 

We have seen that in a difiusive field the actual '^efficiency 
•of a sphere, fiinctioning as an absorber or emitter of the difiusate, 
varies directly with the radius O'f. the sphere. , Hence it', follows 
that if. a sphere is divided into any .number of spheres n,^of equal 
volume, and these are distributed in. -a similar . field at such distances 
apart as not , to.' interfere with each other, ' then „ .the increased 
■efficiency . of the divided' system- will be represented byv/ 2 .-^Hj when 
.that of the original sphere is ■ take.n as unity. On the other hand, 
the' increase .in ^ 'surface, will o-nly be represented by so that 
.ri.h'e', ' efficiency.'' increases as- the square of the surface, ' 

For i'nstaiice,;if a' .sphere 'of imit-.volume is subdivided into 1000 
equal spheres, The surface extension over that of the. •original sphere 

. ■■ '* 'The * efficiency’- denotes" the rate of -emisfeion or absorption ' for a unit or, 
standard, - difference ■ of . concentration, and is analogous to the electrical 
..capacity , of '.a' similar, spherical 'conductor, that is, the •charge held for unit' 

.'''difference of , potential. Z '•,' , 
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will be represented by 10, whilst the diffusive ^efficiency'’ of the 
whole subdivided system will be represented by 100. 

The iiifiiieiice of a solid catalyst in increasing the velocity ol a 
chemical reaction, such as that induced by a nietai in the 
colloidal ’-state, is generally attributed to previous adsorption and 
coiideiisatioii of the substrate on the surface of the particles. 

Let us assume that the particles of the catalyst are spherical, 
and that the adsorption of the substrate at the boundary of the 
two phases has to attain a certain small value, which we will call 
the critical value, before the reaction starts, and, further, that 
the rate at which the chemical change takes place from this point 
is practically infinite. 

Under these conditions, in order to maintain the rate of chaiige^^ 
appropriate to the concentration of the substrate in the main body 
of the liquid, we must retain the concentration at the surface of 
the particles at its critical value. 

If these particles exceed a certain size, this will necessitate more 
or less vigorous stirring of the liquid. The smaller the particles 
become, however, the more nearly they will be able to maintain 
the critical concentration at their surface by diffusion alone, owing 
to the increasing convergence of the diffusive stream lines producing 
an ever increasing gradient of concentration. A point will ultim- 
ately be reached at which stirring will pi'oduce no increased effect. 

It has often been assumed that the effect produced by subdivision 
of the catalyst under these conditions is * directly proportional to 
the area of the surface, but it is evident that under appropriate 
conditions the activity of a unit mass of a catalyst must vary, not 
with the surface, but with the square of the surface. 

These same principles enable us to understand how it is that 
minute dimensions confer advantages on certain micro-organisms 
in carrying out their life processes of nutrition and the correlated 
processes of fermentation cind putrefaction. ' 

When these organisms have little or no power of locomotion and 
the media in which they live have a low degree of mobility, they 
must be largely dependent on diffusion for the access of material 
from their surro-inicliiigs and for the removal of ' the products, of 
chaiige from their immediate neighbourhood. 

Minuteness of dimensions favours these,- convergent and divergent" : 
streams, and enables the organism- to supply its 'requirements ' from' 
a medium of a much lower concentration of substrate than would 
■'.'bo the case if the cell were of larger dimensions', thus 'exemplifying' 
the' importance of ' being, little’'— and remaining so ' (see'' Slater 
':. and' Sand, ','^The Role of .Diffusion 'in 'Fermentation by "'Yeast .'''Cells,’’ ', 
T., '.1910', .'97,;^ 
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Did time allow, I could give further examples of the applications 
of these same principles to diverse processes in wiiicli diffusion plays 
a more or less prominent part. They are, for, instance, operative 
ill the ignition of finely-divided pyrophoric substances, in the sparks 
produced by flint and steel, and in the rapid propagation of com- 
bustion of coal dust and other fine organic substances suspended 
ill air. 

We are too apt to regard diffusion as being necessarily a slow 
process, especially in liquids, which is by no means the case if the 
gradient of density is enhanced by the extreme convergence of the 
lines of flux on any particular point. 

We have seen' how the self -described diffusion figures surround- 
ing two emitting spheres brought into each other’s neighbourhood 
correspond in every detail with Clerk Maxwell’s lines of equi- 
potential and lines of force around two similar spheres charged to 
the same potential with the same kind of electricity. 

The diffusion experiment may be so varied as to cause one of the 
circular perforations, corresponding with the sections of the spheres, 
to act as an emitter and the other as an absorber or 'sink’ of the 
d.iffusate. ■ ' 

Under these conditions, the lines of equi-density of the diffusate 
tend to arrange themselves in accordance with Maxwell’s figure 
of the equipotential lines around spheres, one of which is charged 
with positive and the other with negative electricity. 

It is impossible to regard these analogous phenomena without 
suspecting that there is also a similarity in the dynamic relations 
of the two systems. We are, for instance, led to inquire whether 
ill the case of diffusion there are any imbalanced forces which tend 
to move the bodies in a diffusive field. 

I have recently referred this problem, which appears to present 
great difficulties, to Mr. R. A. Fisher, who is still at work, on it. 
■Whatever the final results -of his analysis' may be, it appea,rs that 
if, a small, elongated body which, has a differential power of absorp- 
■tioii at its. Wo ends is introduced into a. diffusive flow, it will tend 
to set itself along the lines of flux and to- head up stream with its 
lees ' absorptive end ' facing the region' of the higher concentration 
-.of ' the diffuse- te. 

If, this,, deduction is correct, as I have but little doubt it is, it 
.contains, a physical . ex,planation of 'certain phenomena of chemotaxis 
■w-hich have alw,ays bee,n a great puzde to the bio-logist. ' Let me 
■give ,a!i ,,exam,ple. of' what I mean. 

, The fertilisation of .the ■ non -motile .egg-cells ,, of the ferns . and 
.mosses '-'is' brought -abouh - by free-swimming, .highly "motile 
■aperinatozoids, which -.crowd into 'the. a-rchegoiii,a in such ,a ma'iiner ", 
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as to suggest that there is some emission of an attractive substance 
from the O'peiiiiig which gives the needed directive force to the 
spermatozoids. 

By immersing the free end of a hue capillary tube charged with 
a very dilute solution of sucrose into water containing the' free- 
swimming spermatozoids of a moss, Pfeffer was able to demonstrate 
that whereas the movement of the spermatozoids in the body of 
the liquid occurred indifferently in all directions, it assumed a uni- 
directional character in the immediate neighbourhood of the orifice 
from which the sugar was diffusing, and the organisms crowded into 
the tube, which acted as a sort of artificial archegonium. Similar 
chemotactive movements also occur with the spermatozoids of ferns 
when the capillaiy is filled with an extremely dilute solution of 
malic acid. Under certain conditions, the movements are reversed 
in direction, w}ien the chemotaxis is said to be fiegaiive. Some- 
what similar movements have also been observed in certain motile 
bacteria, which are attracted to regions in which an evolution 
of oxygen is taking place within the cells of algae containing chloro- 
phyll and suitably illuminated. 

Such movements, which at first sight appear to indicate a certain 
degree of intelligence on the part of the organisms, are, I believe, 
capable of a very simple physical explanation, which is at any rate 
worth serious consideration. 

It must be borne in mind that in all such eases the real driving 
force of the spermatozoid or bacterium is supplied by its own 
motile organs, the fiagella ; all that we are called upon to explain 
is the origin of the direetive force which is exercised when the 
organism finds itself in a suitable diffusive field in which the 
gradient of concentration of the diffusing substance is varying in 
a certain determinate direction. 

Such a directive inffuence will certainly be exerted if the motile 
organism can act as an absorber of the diffusate, and this 
power of absorption is not uniform over its surface owing to a 
variation in the degree of permeability of the investing cell- 
membrane. . 

If those' portions near theU. head ^ ' of the spermatozoid are 'less 
permeable to the diffusive substance than those nearer the flagellum 
in the rear, we should expect the organism to orientate itself in 
such a manner as to head towards the region of higher concentra- 
tion— that . is to say, towards ■ the. - point ' of . origin of, the, diffusive 
flow.,' This would correspond with -the conditions of ■positive chemo,-. 
tactic, .inoveiaent. If, on. the.’ other hand, the, region' of ^the cell- 
niembra,ne ns. more ■ permeable .’.at the front , than at ,the ,'re,ar,„„'we 
should expect' to' get a heading', down 'stream and' .a ■■.eonseque'ttt re- 
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cession from tlio point of origin of tlie dilfusatej tliat is^ negative, 
chemotaxis. 

We have seen tliat wlien two perfectly absorbing spheres nf 
different dixneiisioiis are suspended in the same diffusive field at a 
sufficient distance apart to exert no- practical iiiffuence on each 
other, we should expect the ratio of their ''efficiencies’^ as absorbers 
would be the same as the ratio of their electrostatic capacities when 
once the steady condition of diffusion has been induced. This 
should be equally true of bodies of any shape, so that if by experi- 
mental or other means both the electric capacity and volume of 
the ' body are known, we can by analogy determine its diffusive 
efficiency in a* given field by referring it to that of a sphere of equal 
volume. 

In the case of freely suspended spheres, the experimental verifica- 
tion of this proposition presents certain difficulties, which can, 
however, be avoided by a further simplification of the problem, as 
follows: 

Clerk Maxwell has shown how it is possible to calculate the 
electric capacity of a planetary or oblate spheroid, which is formed 
by the revolution of an ellipse around its minor or polar axis, and 
to refer this capacity to that of a sphere of unit radius. Now a 
circular disk may be regarded as a particular and extreme case of 
a planetary ellipsoid in which the minor or polar axis has vanished. 
Such a disk if embedded flush in a non-conducting material has 

an electrostatic capacity of — times that of a sphere of the same 

fTT ■ ■ 

radius. Hence, if the analogy really holds good, we should expect 
• the " .diffusive efficiency ’’ of a disk to be represented by 


Arrhl'p 

Itt 




if we count both sides of The disk, or Alcrp if the disk is absorbing 
'.or' 'emitting on one side only. 

: .'W'e may substitute for such a disk a circular aperture in "a very 
Thin .diaphragm through which diffusion is allowed to go on under 
well-define'd conditions . ■ ' ' 

.Tn these circumstance's,'' by measuring "the rat© of flow of atmo- 
.''spheric carbon dioxide or.' of .w.ater ..vapour through circular aper- 
''.tures' of know.n dimensions into a. suitable vessel which ensures its 
.absorption '.on the other 'side of the -diaphragm, I have.' been able, to 
obtain' very'' complete' evidence that experience and theory are in 
'a-ccord. - Mor-eover, it is easy also.' to 'dem ons.tr ate that the "rat©. o.f.. 
diffusive flow,' is. .directly.. proportional, to The .linear dim',eB'siGns''.',o.f'' 
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the aperture, not to its area. In fact, all the ohserved phenomena 
ill their quantitative relations are strictly in accordance with those 
dediicible from the application of the electrostatic analogy. 

By using a method of this kind, it is quite possible in some cases 
to determine with considerable exactness coefhcients of diffusivity, 
and it was in this manner ' that I was enabled to determine the 
value of the coefficient of interdiffusioii of carbon dioxide and 
air, for dilutions of carbon dioxide representing about 3/10,000 of 
an atmosphere. 

The conditions of evaporation in still air from a circular surface 
of liquid surrounded by a wide rim were mathematically investi- 
gated by Stefan in 1881, who also made use of the electrostatic 
analogy. 

He concluded that the rate of evaporation in perfectly still air 
ought to be proportional to' the linear dimensions of the liquid 
surface, and not, as was commonly supposed, to its area. Further, 
his analysis indicated that the- divergent lines of flux of vapour 
emitted from the surface ought to be represented by a series of 
hyperbolas having their common foci in the bounding edge of the 
circular surface, wffiiist the curved surfaces of equal partial pressure 
of the vapour overlying the disk should form an orthogonal system 
of ellipsoids, also having their foci in the edge of the disk. Since 
these ellipsoids, conforming to surfaces of equal partial pressure, 
necessarily come closer together at the margin of the disk than 
towards its centre, Stefan concluded that, under the conditions 
postulated, evaporation proceeds more rapidly at the edge than at 
the centre. 

Such a system is illustrated in a reversed position in Fig. G, which 
also represents equally ivell the distribution of the lines of force 
and surfaces of equipotential in the neighbourhood of a circular 
electrified disk embedded flush in a wide, non-conducting rim. 

I am not aware that Stefan or his successors ever attenipted to 
verify his deductions by actual experiment, I am able this even- 
ing to show you how this can be done. 

In' the first attempts made by my colleague, Mr. ' F. Escombe,, 
and /myself, we used a rectangular glass cell divided horizo'iitally 
by a plate of celluloid haying a circular hole punched through it. 
The low^er half of the cell was ■ completely filled with a gelatm'gel 
containing a little barium' chloride, and the uppar half,, with .'.a' 
solution, of alkaline, sulphate.' 'The opposing streams'^ of "dhe' rea'Ct-' 
ing diffusates produced in' the 'gel /in the neighbourhood,'' of' the 
'aperture -an ' opaque sph'eroidal; figure.'which. 'chaBg'ed" ''its",. shape ', as 
it became larger. ' By ,,photographmg . this at'' itflervalB'''', 'axid.'.'^'S 
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imposing the negatives, it was seen that the limiting surfaces of 
the constantly changing figure marked out by the precipitation of 
the barium sulphate conformed exactly to the system of ellipsoids 
demanded by theory. 

The process was further improved by the intermittent difftisioii 
of sulphates and chromates through the aperture, thus forming a 
banded structure in the gel, well seen when the block of gelatin 
was divided by a vertical section. This 'further led to employing 
a semicircular aperture with its flat side coincident with the plane 
of one of the sides of the glass vessel, so that the arrangement of 
the banded structure on the diffusion spheroids was visible in cross- 
section through the glass. Further developments led to the use of 
narrow slits cut in a thin plate of celluloid which formed one side 
of a thin, rectangular cell filled with the gelatin-barium mixture. 
Such a slit manifestly corresponds with a vertical central section 
of a circular disk looked at edgeways. 

In the slides now before you (Figs. 7 and 8) you have a photo- 
graphic reproduction of such a system of the shells of equi-density 
in the immediate neighbourhood of the opening through which the 
diffusion is taking place. It will be noted that their shape and 
disposition are exactly those predicted by Stefan, the alternate zones 
of barium sulphate and chromate forming a series of confocai 
ellipsoids having their foci in the edges of the disk, and therefore 
approximating more and more to the spherical shape as we pro- 
gress outwards. It is also to be observed that the ellipsoidal 
shells come closer together at the edges than in the centre, indicating 
that in these regions the gradient of density is greater, and con- 
sequently that the flow per unit area is also greater. 

It must not, however, be supposed, as I have sometimes seen it 
stated, that the acceleration of diffusive flow produced by small 
apertures is dependent merely on this increased flow at the edges. 
There would be almost the same amount of acceleration if the equi- 
density, zones could be imagined, to be spherical ' instead, of 
ellipsoidal. The acceleration of flow per unit area as the size of 
the aperture is diminished is conditioned in the main by the degree 
of convergence or of divergence, of 'the, lines of flux. The smaller 
the aperture, the .greater becomes this convergence and divergence, 
with a corresponding increase in the gradient of density" in its 
iniiiiediate neighbourhood. 

■ The experimeBta! study .of diffusioii .through single, apertures 
naturally' lea.ds up to a, consideration- of,' the, effects to be- expected 
from a 'series of -small a.pertures in a' thin diaphragm when such 'a 
miil.ti-perforate septum- is inse'rtad -in' a 'Im© of,,, diffiisiv-e flow. 
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One would expect, from wliat lias been said, that if tlie apertures 
are small and arranged at suitable distances apart, the accelerated 
ilow induced by each individual aperture would to a large extent 
neutralise the effect of the obstruction produced by the imperforate 
parts of the diaphragm, and that under favourable conditions tlie 
intervention of such a septum would not sensibly dirninisli the rate 
of flow ill the diffusive coluinii, although the aggregate area of the 
openings might be small as compared with the cross-section of the 
column. 

This was actuall}^ found to be the case. As 'an instance, I niey 
in eiition an experiment in which a thin film of celluloid perforated 
with 100 circular apertures per sq. cm., each one of a radius of 
0T9 mm., produced no sensible effect in obstructing the static 
diffusion of atmospheric carbon dioxide down a column of air, 
although the imperforate parts of the septum blocked out nearly 
90 per cent, of the cross-section of the column. 

Just as the electric capacity of a plate is not consideralily affected 
by cutting parts of it away and leaving an open framework, so 
also it is possible to block out a considerable portion of the cross- 
section of a diffusive column without materially altering the 
general static conditions on which the flow depends. In such a 
case, what I have termed the diffusive efpclen-cfj of the system is 
but little affected. 

I have here a denionstration of this principle in these two 
columns of gel into wdiich a dye has heen diffusing for some time. 
In one case the column is entirely unobstructed, whereas in the 
other such a perforated septum as I have de.scribed has been inserted 
in the line of flow, thus cutting off about 90 per cent, of its effective 
area. You will notice that the efficiency of tlie column has not 
been sensibly reduced in the lattex*' case. 

In the accompanying illustration (Fig- 9), I have attempted to 
illustrate in diagi*amrnatic form the Bianner in ■which the parallel 
lines of flux in a diffusive column are modified by the interposition 
of such a perforated septum. It will be noted that as the stream 
lines approach the apertures they become convergent and gradually 
assume parallelism again on the other' side, since the lines of flux, 
like lines of force, cannot intersect each other. 

■On, the othe,r hand, there is,, an increased .'gradient, of de.iisiiy ■ in 
the immediate iieiglibourhoo'd’ of the apertures, .as, evid:e,iiced hy the' 
xones , of, equi-density' coming cloS'Cr , tO'gether in this ■ region, and 
producing a more rapid flow through the septuni. 

That such, a theoretical system conforms to"' .the' .actual .fa^cts is 
shown by the succeeding ,illustratdon. ..(Fig. .10), which 'shows ,a photo-; 
graph of,, .'the zones ; of . eq'ui-density , under these ''cond'itio'n&, produced 
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by inteririitteiit cliff usi on of two reacting- substances throrigli a 
series of apertures. 

Ill this principle resides the long-souglit explanation of tlie 
effectiveness of tlie stomata of a green leaf in accelerating the 
interchanges of gases and water vapour which are requisite for the 
requirements of the plant. 

From the dimensions and mode of distribution of these stomata, 
it is quite possible to calculate what their maximum diffusive 
efficiency ought to be under given conditions, both for carbon 
dioxide and w^ater vapour, and to compare this with the actual 
interchanges as determined by experiment. 

Ill all such cases as have been examined the theoretical efficiency 
of the mechanism, regarded merely as a piece of physical apparatus, 
is far in excess of any demands which could be made upon it. 
Whatever limiting factors may exist in the co-ordinated processes 
attendant on carbohydrate assimilation by a green leaf, whether 
of a physical or chemical nature, we cannot attribute any of them 
to faulty construction in the diffusive mechanism itself. 

It is certainly extremely improbable that the green leaf is the 
only case in nature in which there has been a more or less perfect 
adaptation to these laws of diffusion through small apertures. It 
is true that up to the present it is the only instance in which a 
complete and satisfactory demonstration has been forthcoming of 
this remarkable adjustment of structure to function, but doubtless 
there exist many other examples of equal interest and importance 
which await further discovery. It is impossible, for instance, to 
observe the minute perforations in the closing membranes of certain 
vegetable cells without recognising how eminently suited these 
structures are for producing all the diffusive phenomena which 
belong to multi-perforate septa, and how admirably they are 
adapted, without any sacrifice of protective strength, to enhancing 
'the rate 'of diffusive flow through the ' cel! membrane separating 
,, contiguous .ceils. 

Nor are these suggestive facts by any means confined to the 
Y'egetable Kingdom. ■ 

It iS' many years ago' since 'Graham hazarded the opinion that 
.when i.nsects are, at rest and' exerting nO'" muscular, effort of any 
...kind, their respiratory processes' are carried' on entirely by diffusion 
along 'the . ramifying tracheae which communicate with the outer 
"air through' the. stigmatic openings .in . the body segments'. 

The accuracy of this guess is rendered still more probable when 
we' examine' the.'' structure, of these stigmatic openings more closely. 

■ I., am. Indebted to .Mrs. .Outhbert Baines for a beautiful micro*' 
seopic'al' .; drawing.' 'of. ; the 'a . caterpillar' 'in '. 'm.e'd.ial ...cross-'. 
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section^ from wliicii you will see that the apparatus has in certain 
respects such a remarkable resemblance to the stoma of a leaf that 
it is impossible to avoid the conclusion that the gaseous exchanges 
of respiration in the insect are in a measure' determined by this 
particular structure (see Fig. 11). 

To elaborate and give the necessary proof of many of the- state- 
nieiits I have made this evening would require, not one, but many 
lectures. The present summary, imperfect and discursive as it 
may appear, may nevertheless sufiice to show that much may he 
expected from a coiitiniied study of diffusion and the application 
of its principles in various branches of science. One of the greatest 
pleasures of which the human mind is capable is engendered by 
this linking together of diverse sets of phenomena by some iiiider- 
lyiiig common principle which is not at first recognisable. How 
well was this expressed nearly two thousand years ago by one who 
was both a great poet and a keen observer of nature — one who 
found his best solace and inspiration in the study of Ms forests, 
his flocks and herds, his vineyards, Ms corn lands and Ms hives 1 

Felix qiii potuit rerum cognoseere caiisas.” 


XLVL— Piperylhydrazones. 

By Albert Weinhagen. 

The piperylhydrazine employed in this investigation was prepared 
by reducing nitrosopiperidine (Knorr, 1883, 221, 304). 

Unless otherwise stated, the condensations were effected according 
to the usual method of heating the aldehydes with the requisite 
amount of piperylhydrazine in alcoholic solution faintly acidified 
with acetic acid. As described in each instance, the products were 
then purified by such methods as pi'oved most suitable. 

' Fij^eronalpiperylJiydra^ — -This crystallises from alcohol iu" 

.colourless needles 'melting, at 65 — ^^67°..' ^The hydrazone is readily 
soluble, in' , ether, chloroform, benzene,, ■'.or hot alcohol, less readily 
so in cold alcohol, and practically insoluble in water : 

.' ; 0-1916 gave 21*1 cm/ Ns at '17^ ■■'and 7 H'=:12-31. . ' 

C 33 Hjg 02 N 2 requires N = 12*07 per cent. 

■ SuUcylSd€Uydp-piferylhydfamns\—^la^^^ ■ ;c.o,mpqunci ..' ,'. crystallises' 
Iroin'v alcohol' in." iiee'dle-s,'tat.’,',time's;'"in '.sM'all ' rhombic plates, vand 
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occasionally in octaiiedra, which interlace in such a manner as to 
form long, iieeclle-like, prismatic structures. The conipoiind melts 
at 71 — 72^, and is readily soluble in etiier, chloroform, benzene, or 
hot alcohol, less readily so in cold alcohol, and practically insoluble 
ill water : 

0'1965 gave 24‘7 c.c. at 17° and 711 nun. N=13‘84.. 

requires N = 13-74 per cent. 

Formaldeliyd epi per ylhydr a z o ne . — This crystallises from alcohol 
ill prismatic needles melting at 78 — 79°, It is readily soluble in 
chloroform, hot light petroleum, or hot alcohol, less readily so in 
cold liglit petroleum or cold alcohol, and practically insoluble in 
water : 

()'1270 gave 28*3 c.c. No. at 16° and 728 mm. N== 25*21. 
C(iH32N.2 requires N = 25*21 percent. 

BeMZfddeliydejnpery^^ . — This hydrazQjie crystallises from 

alcohol ill small, five- or six-sided plates. The pure compound 
(which was analysed) melted at 68 — 69° (Knorr, loc. cit., gives 
62—63°, and .Forster, T., 1915, 107 , 2.67, gives 68°). 

A nHaldelipdepiperidhy^^^ — Three grams of aiiisaldehyde 

were heated on the water-bath with 2 grams of piperylhydrazine 
and 2 grams of 50 per cent, acetic acid. The mixture soon became 
red, and ultimately an intensely reddish-violet syrup separated, 
which became crystalline on evaporating to dryness and allowing 
to remain for some time. By means of light petroleum, the 
hydrazone can be extracted from this mixture free from the red 
colouring matter, for the latter, whilst being readily soluble in 
alcohol, is quite insoluble in the former solvent. On evaporating 
the, light petroleum, the hydrazone was obtained in. small, colour-'' 
les'S, , hexagonal plates. The .hydrazone- obtained in . this way 
possessed the prop'erty of turning reddish-violet when exposed to 
light, which' w’-'as evideo'tly due to traces .of impurities. This ceased 
to "1)0' the ease after it', had been., recrystallised from alcohol several 
times. . 'The melting point . ultimately remained constant at, '54°. 
The' hydrazone is readily soluble ' in ether, clilorofor'rn, light 
petroleum., or hot alcohol, less readily so in cold alcohol,. a,ncl,pi*a,c- 
ticaily insoluble 'in water: 

0*1 897 .'gave ' 21*8 c.c. N.3 at 16° and 728 .mm. , N=. 12*79, 
CjsHjgONo requires N = 12*85 percent. 

' .An ' attempt. 'was made . to. 'avoid the formation of the reddish- 
violet, 'colouring 'matter by 'condensing 'in alcoholic solution, but the 
results .were precisely- the ..same' as before. ■ 

:' p-Syd'rQ:,tybenmldehydepip€r^^^^ This ,' .'"compound' 
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separated from an alcoholic solution of 3 grains of piperylhydraziiie, 
4*5 grams of ;p-hydroxyb€iizaldehyde, and acetic acid, which had 
remained at the ordinary temperature for several days^ whereas if 
the mixture is heated, a much inferior yield, accompanied by 
resinous red by-products, is obtained. The hydrazone is soluble 
in ether, chloroform, or hot alcohol. When recrystallised from the 
latter solvent, it melts at 161^: 

0*1799 gave 22*7 c.c. N .2 at 18^ and 726 mm. iNF = 13*91. 

C\ 2 H 5 uONo requires N = 13* 74 per cent. 

1>A mmoacetojjhenon&piperj/U^^^^ — ^Three grams of p-aiiiino- 

acetopheiione dissolved in alcohol were heated on the water-bath 
with 2 grams of piperylhydraziiie and 2 grams of 50 per cent, acetic 
acid. The solution soon became yellow, and on cooling the mix- 
ture and allowing it to remain, no hydrazone separated. The mix- 
ture was accordingly evaporated to dryness. The brown, syrupy 
substance obtained in this way was practically insoluble in light 
|)etroleum, but treatment with this solvent converted it into a 
'graimlar, faintly yellow mass, which was recrystallised from 95 per 
cent, alcohol several times. The pure wdiite hydrazone obtained 
in this way crystallises in small prisms and prismatic needles melt- 
ing at 108®. It is readily soluble in ether or hot alcohol, less readily 
so in cold alcohol, very sparingly so in light petroleum, and prac- 
tically insoluble in water : 

0*1468 gave 0-0110 H^O at no®. H20==7*49. 

0*1889 ^ „ 30*4 c.c. N. at 16® and 728 mm. N== 17*90. 

requires — N = 17*89 per cent.' 

Hot dilute hydrochloric acid readily resolves this hydrazone into 
its components, of which p-aininoacetophenoiie was isolated and 
recognised by means of its platinichlorkle (Found: Pt== 28*78. 
Calc,: Pt = 28* 69 per cent.). 

Attempts to prepare the piperyihydrazoiies of propionaldehyde , 
acetone, |>-aminobenzaldehyd6, dextrose, galactose, and Z-xyiose gave 
rise to resinous red and brown products, whereas /.srovaleraldehyde 
furnished very small yields of a compound melting at approxim- 
ately 122®, which was not analysed. 

' AOEICtTMUKAli CHEMICAnXABOBATOBY '' ' 
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\hY IL—Acetyl-^-diazoimides derived from SuhsHtiited 

p^Phenylenediamines, 

By Gilbert T. IVIorcjan and David Alexander Cleage. 

Recent experiments on tlie diazotisatioii oi acyl-^j-plieiiyleiie- 
diamiiies carried out witli nitrous aiiliydride in dry solvents liave 
led to the isolation of the simpler acyi-p-phenylenediazoimides con- 
taining respectively formyl, acetyl, and benzoyl groups (Upton and 
Morgan, T., 1917, 111, 187). These results have since been con- 
firmed by Dimroth and Leichtlin (Rer., 1917, 50, 1539), who have 
prepared benzoyl-p-pheiiylenediazoimide in aqueous solutions by the 
action of sodium hydroxide on benzoylaiiiinonaphthalene-4" 
diazoniuin chloride. 

Researches exteniliiig over many years have shown that the 
formation of acyl-p-diazoimides from aromatic acyl-p-diamines is 
a general reaction which has been realised in a very large number 
of instances (T., 1905, 87, 73, 921, 1302; 1906, BS’ 4, 1158, 1289; 
1907, 91, 1505, 1512; 1908, 93, 602, 614 ; 1910, 97, 48; Rer., 1902, 
35, 888; 1906, 39, 2869). 

These results indicate that the presence of the acyl group doubt- 
less plays an important part in the internal condensation leading 
to the production of acyl-;p-diazoimides, yet there is a possibility 
that under suitable experimental conditions it might be possible 
to isolate the parent substances of this series of diazo-derivatives 
in which the acyl radicle is I'eplaced by hydrogen. 

With this object m view, the experiments recorded in' the ex- 
perimental section have been made on derivatives of p-pheiiylene- 
diamine containing acidic substituents in the nucleus. 

The difficulty of diazotising both amino-groups simultaneously 
in p-phenylenediammo is greatly increased when a nitro-group is 
introduced into the ring. Nitro-|?-phenylenedianiine (I) is accord- 
ingly a suitable base for the attempt to isolate a diazoimine pro- 
duced by the diazotisation of only one of the amino-groups. 

When this experiment is carried out with nitrous anhydride in 
well-cooled . anhydrous , solvents, an unstable, brown substance 
having the properties of a diazoimine (II) is produced. This pro- 
cluct, ■ however, becomes' resinous ■ when- warmed to the' ordinary 
temperature;-, it is stable' only in; a freezing mixture. While 
suspended in a - cooled mixture ■ of ether and' acetone, this cliazo- 
imine',,-' can,: '. however, be, 'stabilised 'by acetylation with ' acetic- 

anhydride,; wh^en 

is' chtainec! '' ' ' '■ ' 
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li 

N^CO 

1! 
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^ (CH3-C0)20 
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\/ 

\/ 

NH. 
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'N—'N 
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(I.) 
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Tlie constitutio'ii ol this acetyl derivative, and lienee that of the 
unstable diazoimine, are confirmed by the following series of reac- 
tions. The acyl-^p-diazoimide is combined with jS-naphthol to form 
the azo-derivative and this compound is hydrolysed to the 


NO. 


OH 


NO. 


OH 


CH„-CO-NhA AninA ^ 
® \_/ \_/ 
/ \ 


(IV.) 


Nh/ AninA h 


(V.) 



corresponding aminoazo-derivative (V). The latter product when 
diazotised and boiled with alcohol is converted into m-iiitrobenzene- 
azo-^-naphthol, which is identified by direct comparison with the 
preparation obtained by combining diazotised m-nitroaniliiie and 
i8-naphthol. 

Further confirmation of this constitution for 4-acetyl-3-iiitr0“ 
phenylene-l-diazo-4-imide is obtained by preparing its isomeride, 
4:‘a€€tpl-2-7iitro--p~phenplene-l-d^^^^^^^ (VII). This diazo- 

imide, obtained in a similar manner by diazotising 4-acetyl-2-iiitro- 
^-phenylenediamine (VI) with nitrous anhydride in dry acetone. 


NO. 




II 

NH, 

1 1 


\/ 


\/ 

\/ 

NH-OO-CHg 


J^-CO-CHa 

(VI.) 


(VII.) 


combines'.with ^-naphthoT to yield an azo-derivative (VIII), which, 
oil' hydrolysis gives' rise to an aminoazo-compoutid, , (IX). From" 


NOg OH 


cHs-oo-nhA )>n:n<( \ 




OH 


NH A 


(IX.) 


(VIII.) 
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tills arriinoazo-derivative, elimination of tlie amino-group through 
the diazo-reaction leads to o-iiitrobeiizeneazo-^-iiaphthoh which can 
be compared directly with the product obtained by combi iiiiig 
rj-nitrobenzenediazoniiim chloride and jS-naphthol. 

These results demonstrate the constitution of the two^ isomeric 
acetyi-p-diazoi:mides (III and VII) derived from ‘2-iiitro-4~ 
plienyieiiediaiiiiiie, the former of which is obtained by acetylating 
the diazoiiniiie of this diamine. 

Similar results have been obtained in the case of 2 : 6-dichloro- 
4-phenylenediamiii©. This base on treatment with nitrous 
anhydride in well-cooled acetone yields an unstable diazoimine 
whicli can be stabilised by acetylation : 


NH, 




— 


Cl 




-NH 


01 



V 

(CHa'COoO 


\ / 


N-CO-CHg 


-Ns! 


(X.) 


The product (X), a grey, crystalline powder, combined readily 
with the naphthols and naphthylamiiies, giving colour reactions 
identical with those obtained from the diazoimide (XI) prepared 
by diazotisiiig l-acetyl-2 : 6-dichloro-p-phenyleiiediamine : 


XH-OO-CHg ■ N-CO'CFg 


\ 

g 


Cl i 

1 1 
''"x/ 


li i! 

\/ 

NH, 


/\ 


(XI.) 


The latter diazoimide has, however, a bright yellow colour. The 
colour differences may possibly be due to the first compound being 
the, cyclic diazoimide (X), whilst the 'latter is the diazoquiiione- 
.'iiiiide (XI). , Or, alternatively,, the. less coloured, compound , might 
be a diazoniuin derivative and the other a diazo-compound. These 
differences, however, disappear 'on' combining, with phenols . or 
reactive bases both forms- oi a€etijl-^:b<lkliloro-])^ 

.'giving the same azo-derivatives. 

,';Tii© alternative formulations ,(XII or XIIu.) for the product 
, of - . acetylation ' of 2 : 6-dichloro-z>phenyleiiediamme is excluded 
by direct experimental evidence. . 

xic^^yl-2 : (XII) is' prepared 

by treating ■4-acetyh2 : 6-dichloro-p-phen.yleiiediainine ' with , nitrous 
anhydride under ■ similar .conditions': ■ 
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Cl 


NHg 

/Nci 


NH'CO^CH, 




N=N 



\/ 

ci/\ci 

j 

or Cl/Vci 

1 ! 
\/ 

-.N-CO-Cffg 

\ z' 


(xn.) 


N*CO‘CHs 

(Xlla.)" 


Tlie product j wliicli is stable at tlie ordinary temperature, is almost 
colourless, tliUvS suggesting the diazoimicle configuration (XII) ratlier 
than that of the diazoquinoiieimide (XIL/). It combines readily 
with the naphthols and iiaphthylamines, giving colour indications 
differing from those of the two forms of acetyl-3 : 5-dichloro- 
p-pheriylene-l-diazo-4-imide. 


Experimental. 

4-^4 €etyl~%iiitro~i}-i)hcnylen,eA-dtazO'i~'tnii(]€ (VII) . 

p-Plieiiylenediamine was acetyiated by adding &cetic aiibydride 
(1*3 parts) to its 40 per cent, aqueous solution. The dia cetyl 
derivative when nitrated either in glacial acetic acid or in concen- 
trated sulphuric acid (compare Bei\, 1897, SO, 980) gave its own 
weight of diacetyl-2-nitro-j>phenylenediainine. This product was 
half hydrolysed to 4-acetyl-2-nitro-^>-phenylenediamiiie hy boiling 
for fifteen minutes with 2 parts of crystallised barium liydroxide 
and 3 parts of water, the barium being then removed by passing 
carbon dioxide into the boiling solution. The filtrate on cooling 
deposited bulky, orange-red plates melting at 188*^. 

4-Acetyl-2-nitro-/>phenylenediamine (1 part) dissolved in 100 
parts of pure dehydrated acetone was treated slowly with 5 c.c. of 
a 10 per cent, acetone solution of nitrous anhydride free from 
nitrogen peroxide, both solutions being cooled to —15^. The colour 
of the solution of the base changed from red to pale straw-yellow, 
and on the addition of an equal volume of pure dry ether the pro- 
duct ' separated in .yellow platcBs,. and was 'washed w.ith anhydrous 
ether and dried in a vacuum desiccator in the dark: 

' OTOOO gave 22*5 c.c. H 2 ' (moist) at 9*^ and 770*8 min. N"™ 27*31. 

requires N== 27- 18 per cent. 

4"d decomposed ex- 

plosively at, 142'^., It darkened: on 'exposure to light, .and coinbiiied 
readily ■ with; ,i3-iiaphthol- , when, . the two reagents were', ground 
together,. 


VOIi* OXIIi:« ' ■ ' ■ 
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Constitution of 


Acety]-2-iiitrophenyleiie-l-dia2o-4-imid© was combined with 
i3-iiaplitliol (1 mol.) in glacial acetic acid. The product, a red 
azo-i8-napiithoL melted at 298°, and developed a magenta colora- 
tion with concentrated sulphuric acid. When the saturated solii- 
tioii of this azo~derivative in glacial acetic acid was diluted with 
three volumes of water and’ warmed with excess of concentrated 
ammonia, the acetyl group wms removed by hydrolysis. The result- 
ing 2-nitro-4-aminobeiizeneazo-j8-naphthol was dissolved in absolute 
alcohol and treated wnth nitrous anhydride and a few drops of 
concentrated sulphuric acid at —10° to —15°. This diazonium 
solution combined with alkaline jB-naphthol to a dark red bisazo- 
compound, giving an orange coloration with concentrated sulphuric 
acid. Another portion of the alcoholic diazonium solution was 
boiled gently, when nitrogen was evolved. The dark red powder 
left on evaporating the alcoholic solution was crystallised from 
SO per cent, alcohol containing animal charcoal. It then melted 
at 206° and gave a reddish-violet coloration with concentrated 
sulphuric acid. A specimen of 2-nitrobenzeneazo-0-iiaphthol was 
|}repared for comparison from hB-naphthol and diazotised o-nitro- 
aniline ; it was a brownish-red to dark red- powder melting at 209° 
and giving a violet coloration with concentrated sulphuric acid. 
The iiieiting point of a mixture of the two preparations varied froiii 
203° to 205°. In this wray, the orientation of the nitro-group with 
respect to the diazo-group wms ascertained and the coiistitution of 
the acetyl -diazoimide determined. 

diazo-i-mide gave the following colour reactions on conversion into 
its azo-derivatives, this cumbiiiation being effected in pyridine : 

Colour of til© 

Azo “derivative with : ' ■ azo -derivatives, 

■ j8-HapMhol ■ Scarlet 

' jS-Naphthylamme' Red-. 

a-,NaphthoI ' Scarlet ' ■ 

a-Haphthylamm© ■ Crimson/ 


Coloration with 
concentrated 
sulphuric acid. 

Magenta, . 
,Bro%vnish-red 
Emerald green 
Turpi© 


' and Us , ilmiyl Derivative. 

,2-NitrO“f--pheiiyleiiediainino .in .dry acetone 'solution' yielded on 
.'treatment with, nitrous -anhydride: dissolved in the same .solvent a 
diaz-d-derivativ© which - separated,- as 'a brown, crystalline' precipitate' 
o'n adding -d-.ry ether at, —15°. - - On -attaining' the ordinary' tempe-ra- 
,ture,, this) product r.esinified-ahd lost its.po-wmr.-of combining with, 
,'i8-xiaphthol.to forim-ah azo-derxva-ti^^^ 
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The acetyl derivative of this unstable diazo-compound was isolated 
by the following procedure. 4-Acetyl-2'-iii.tro~;p-pheiiyleiiediaiiQiii6 
(1 gram) dissolved in 100 c.c. of dry acetone was treated successively 
with 10 c-c., of a 10 per cent, acetone solution of nitrous anhydride 
and 0*40 c.c. of acetic anhydride. The colour of the solution of 
the base changed from crimson to brown. The addition of 80 c.c. 
of ether produced a precipitate, probably consisting of iiiiacetylated 
diazoiiiiiiie, which dissolved again as acetydation proceeded, the 
acetyl derivative separating on the addition of a further 100 c.c. 
of ether in brownish-red plates exploding violently at 140^ : 

0*1500 gave 35’3 c.c. N 2 at and 773*6 N= 27*70. 

GgH(j 03 N 4 requires N = 27*18 per cent. 


Constitution of 4-d cetyl-Z-nitro-^-pheniflem -\-diazo-4:4mide . 


The azo-j6-naphthol compound of d-acetyl-S-nitro-p-phenylene-l- 
diazo-4-imid© was a dark red powder melting above 290*^. Its 
saturated solution in glacial acetic acid was diluted with three 
volumes of water and the liquid rendered alkaline with concen- 
trated aqueous ammonia. This -treatinent led to hydrolysis of the 
acetyh group in the azo-derivative. The resulting 3-nitro-4-arniiio- 
benzeneazo-jS-naphthol, a pale brown powder melting at 208*^, and 
developing a claret coloration with concentrated sulphuric acid, 
was diazotised by adding nitrous acid at —10° to —15° to its solu- 
tion ill absolute alcohol. The diazo-conipound gave with alkaline 
j8-naphthoI a brown bisazo-derivative, developing a yellow colora- 
tion with concentrated sulphuric acid. 

On warming an alcoholic solution of the diazo-compound of 
3-nitro-4-aminobenzeneazo-i3-naphthol, nitrogen was evolved, and 
the liquid on evaporation left a dark, tarry mass from which 
3-iiitrobenzeiieazo-j8-naphthol was extracted on boiling with 80 per 
cent, alcohol and animal ehai*coal. The filtrate on coolins^ 
deposited bright yellowish-orange crystals which melted at 192°, and 
developed a bright cherry-red coloration with concentrated ' sulphuric 
acid. For the purpose of comparison, m-nitromnlhm was converted 
successively into S-nitrobenzenediazonium chloride and 3-nitro- 
benzeneazo-jS-naphthoL The latter' compound m-elted at ' 194° and 
. gave a, similar cherry-red coloration ■ ' with concentrated ' sulphuric 
,aeid. The' melting point, of’ -a: mixture', of fc,h6, .two, preparations,' 
varied' between! 89° and 192° 

' ,' 4-d. eetyl-^~nitro-p~'pk en^len€-t^dmzo-4:47nide gave ■. the . ' following 


In.tHs and, ,tlie following , estimating''' the nitrogen :waS'''in'©asur 0 'd. ovep; 
50 p'Or ' cent, 'pots'ssium by drox ide ' , 
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colour reactions when converted into its azo-derivatives by coiii- 
biiiing in the presence of pyridine : 


Coloration with 

* Colour of concentrated 

Azo-eompound with ; azo -compound. sulphuric acid* 

^-Naplithol Brownish-red Magenta red 

i8-Naphthylamine Brownish-red Brown 

«-Naphthol Reddish-brown Olive green 

a-Naphthylamine Dark red Magenta red 


Aeetyl-^-diazohn-ides clerwed from 2 : 

A solution of 1 part of 2 >nitroaniline in 3 parts of glacial acetic 
acid and 6 parts of concentrated liydrocliioric acid was cooled to 
0^ and treated with chlorine until 2 molecular proportions of the 
gas had been used. The mixture was kept thoroughly stirred 
throughout the chlorination, and the lem on>y ell ow precipitate of 
2 : 6-dichloro-4-nitroaniline was obtained in theoretical yield (com- 
pare Miirsclieini, T., 1908, 93 , 1773). This nitro-compound 
(1 part) and ammonium chloride (| part) were dissolved in 25 parts 
of 50 per cent, alcohol, and 1 part of zinc dust (80 per cent. Zn) 
was added slowly to the boiling solution. The mixture was heated 
under reflux for half an hour until the colour changed from yellow^ 
to light grey. The filtrate from the precipitate of zinc and zinc 
hydroxide was then distilled and the greater part of the alcohol 
thus recovered. 2 : 6-Dichloro4-phenylen€diamin6 separated from 
the residual solution in colourless plates, becoming brown with a 
bronzy reflex on exposure to the air. The yield was 90 per cent, 
of the calculated quantity. 

4-4 

2 : 6-Dicli!oro-|>phenylen6diamine (1 part) dissolved in 60 parts 
of warm water was acetylated by the addition of 1 part of acetic 
anhydride. The solution, which was vigorously stirred during this 
reaction, became speedily filled with colourless crystals .of 4-ac6tyl- 
2:6»dich!oro-j^phenylenediamme. crude product was then 

recrystallised from hot water, from which it separated in colourless 
needles melting at 200'^. ' One part of this acetyl compound dis- 
solved in 100 parts of dry acetone and cooled to -15^ was diazo- 
tised . with ' 8*5 parts of a, 10' per cent, solution of nitrous anhydride 
in the same solvent. On' adding 100 parts of dry ether,' , the diazo-' 
imide, separated' as. .'a pale yellowish-white, microcrystalline ' pre- 
'cipitate": . , 

; 0'*15'OO 'gave ■.23‘2''.c.e,:'N2.;a^ 18’5^ and 773 mm. . ., N==18*27. ■ 
CgH 50 ]SrsC 1 . 2 .'':''requires N'- IB'- 25' ' per cent. ■ ■, 
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4^-Aeetyl-2:^--dicM(>ro-^-phenylene~\-diazoA4mide was obtained in 
aimost colourless plates decomposing^ explosively at 138^. This 
diazoimide coupled additively with the following developers either 
in the dry state or when mixed with pyridine: 


Coloration with 

Colour of conoentrated 

Developer, Azo-oompound. sulphuric acid. 

3-Naphthol Orange-red Bluish-red 

jS-Naphthylamiue Brownish-red Brown 

a-Naphthoi Brownish-red Green 

a-Naphthyiamine Red Reddish-brown 

Chromotropic acid Cerise Olive green 


1-^4 cetjfl-^ : b-dichlo}'o-^-j}]ienylene-l-diazo~4:4mide. 


(1) Preparation from I- Acetyl-2 : 6-dichloro-p-phenylenediamme. 
— 2 : 6-Bichloro-4-phenyleiiediamine (10 grams) was heated for one 
hour ill a reflux apparatus with 10 c.c, of acetyl chioridej when 
diacetyl-2 : 6-dichloro-p-phenylenediamine separated on cooling. 
The crude product when crystallised from hot water melted at 254°. 
l-Acetyl-2 : 6-dichloro-p-phenylenediamine was prepared by half 
hydrolysing the diacetyl compound. The latter was boiled for 
fifteen minutes with 30 parts of A-sodium hydroxide solution^ 
when, on cooling, the monoacetyl derivative separated in lustrous, 
colourless plates which, after recrystallisation from water, melted 
at 218°. Three parts of l-ac6tyl-2 : 6-dichloro-^-phenylenediamine 
dissolved in 120 parts of dry acetone were diazotised with 1 part 
of nitrous anhydride dissolved in 10 parts of the same solvent. 
During diazotisation, the solution was thoroughly stirred, when the 
colour changed to bright yellow; the precipitation of yellow diazo- 
imide then commenced, and was completed by the addition of 
60 parts of dry ether ; 

0*2050 gave 32*5 c.c. Ng at 18° and 762 mm. N = 18*37. 

C 8 H 50 N 3 Gi 2 requires 18*25 per cent. 

1-A cetyl-3 : d-dicMm^o-p-phenylene-l-dmzo-idmide h an orange- 
yellow, crystalline powder, very sensitive to light, changing rapidly 
to chocolate, and decomposing at 133°. It combined additively 
with the following developers on mixing either in the dry state or 
in;, pyridine': 


Developer. 

j3;-Haphthol 
' ''jS-H'aphthylamiue 
' «-Haplith,ol ......... 

ft-N apbthylamine ^ 


Colour of 
azo-compound. 
Orange-red 
Orauge 
Brownish-red 
Orange 


Coloration' with 
, 'concentrated 
sulphuric /acid. 
'/.Scarlet.' " 
Blue ' 
''Oreen 
.Scarlet, ' 


''".,,(2)' Preparation. from ^ii^-DicMmo-p-phenylenediamme .'- — 2 : 6- 
DiehlorO“|?-phenylenediami:n0/':'(l'-^/'''part).:dissolved in 40 parts of dry 

' , B ? 
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acetone at —10'^ was diazotisecl with 0*85 part of nitrous anhydride 
in a 10 per cent, acetone solution. The solution, which was stirred 
mechanically, became slightly paler in colour, and' on the addition 
of 2 parts of acetic anhydride gave- a dark -grey, iiocculent pre- 
cipitate. This substance, which decomposed explosively at 138"^, 
was very sensitive to light and darkened on exposure : 

0*2000 gave 33‘25 c.c. N2''atl9° and 759 mm. N = 19*ll. 

■ CsIl 50 ISr 3 Cl' requires .N = 18*25 per cent. 

This specimen of diazoimide, combined in pyridine wdtli the 
following developers, gave the same colour reactions as those 
obtained in the foregoing preparation : 


Coloration with 
Colour of concentrated 

Developer. azo-derivative. sulphuric acid. 

j8-Naphtliol Orange-red Scarlet 

j3-Naphthylamine Orange Blue 

«-Naphtliol Brownish-red Green 

a-Naphthylamine Orange’ Scarlet 


City and Guilds Technical College, Finsbuby, 

Leonabd Steeet, City* ' Road, London, E.C. 2. 

[Beceivedi June 20th, 1918.] 


XLVIIL — A Netv Form of Metliylgalactoside and its 
Conversion into Octamethyldigalactose and into a 
Methyldigalactoside. 

By Maey Cunningham. 

The isolation of a new form of methylgiucoside by Fischer (Bcr., 
1914, 47, 1980), and the detailed study of its derivatives by Irvine, 
Fyfe, and, Hogg;' (T.^ 1915,. 107, 524), naturally : suggests the possi- 
bility that, members of the dulcitol -series of hexoses may also exhibit 
the same structural isomerism. Observations have, in fact, already 
been-: recorded .indicating;^ react in a forixi, other 

than the a- and i3-modifications, and recently all doubt on this 
point has been removed by the preparation of four galactose penta- 
acetates, by 'Hudson and Ms- co-workers (J. A??ier. Chem. 8oc,, 1916, 
3S, 1223-),- The first nieMion of this unexpected isomerism occurs, 
however, ' in- 'Fischer's original., ■description of the ;methylliexO'side-s';,, 
(Berj 1895, '28,-: 1174). ' By conce'-ntrating an -acid- methyl-al-coholic 
solution bf '.the : crystalline'.' d- 'and '' d*methylgala'ctosides,' an 
amorphous product was obtained .'which-'.Fischer:- regarded 'as' a third-, 
'of -' - me'thylga'lactoside. '' ' The - ■' -absence ,t, ^bf '''' ■ analytical' "' d'a-M' 
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rendered complete identification of tliis substance impossible j and 
some years later Irvine and- Cameron (T.,- 1905, 86, 907) suggested 
tliat a nietbylated galactoside prepared -by,- tliem and found to 
possess abnormal properties -might be a derivative of the tliird 
isonieride referred toby Fischer. '■ In this research, Irvine and 
Cameron isolated a syrupy form of methylgal.a-ctoside, which, from 
its low specific rotation was at first - regarded as consisting mainly 
of the jS-modification, This particular inetliylhexoside is now 
shown to be a true methylgalactoside of the y-series resembling 
y-methylgliicoside in its properties, but it is not identical with 
Fischer’s amorphous product, which, as showm by analysis and a 
molecular weight determination, is a metliyldigdactoside. The 
new form of methylgalactoside gives on methylatipn, followed by 
hydrolysis, tetramethyl y^galactose, identical with the compound 
previously prepared by Irvine and Cameron (Joe. cit,), and this 
sugar has now been found to possess the unique property of under- 
going .auto-condensation to* give octamethyl y-dig.alactose. . The 
reaction in question proceeds spontaneously at the ordinary 
temperature and in the absence of any recognisable catalyst. This 
is, of course, a most unusual result, and, taken in conjunction with 
the formation, in somewhat similar circumstances, of a substituted 
disaccharide derivative from y-methylglucoside (Irvine, Fyfe, and 
Hogg, loc. cit.), it serves to emphasise the extraordinarily reactive 
character of ethylene-oxide sugars. 'Moreover, it has been shown 
that , the reaction which gives rise to methyldigalactoside also 
involves the presence — probably only transitory- — of a variety of 
galactose conforming to this particular type of sugar. This con- 
clusion seenas warranted by the fact that the digalactoside, as 
shown by a study of its behaviour on hydrolysis, consists of the 
stable forms of methylgalactoside (a- and j3-) united to tlie unstable 
forin of the sugar. The union involves, the reducing group of the 
latter, and accordingly the . structure of the complex is represented 
hy the formula ■ ’ . 

I I X/ ' ■ 


■ ' A' significant observation ' is- -that, no structural modification - of the 
digalactoside can be obtained by varying the form of methyl- 
galactoside' ' employed in -its' - preparation. ' ' - Thus, , ■ whether '- the ■ start-: 
iiig point is an acid, - methyl-alcoholic- solution '-of - pure- a-,-, pure;, y-, 
or an ■- equilibrium: -mixture- of' , a-, .and i8-m'ethyl-g.alactosi,des, - a' - com-, 
.pound-,-: having, the- s.ame;' constants, '-and;- properties and '■^-giv.ing -- .'the 
same results on-.hydrolysis is,',-.form:6d;....in,',ea,ch -case.; .-.-.The most prob-- 
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able explanation of this rather surprising result seems to be that 
under the influence of acid methyl alcohol, any one form of methyl- 
gaiacfcoside passes to an equilibrium mixture of the three isomerides 
a-, J8-, 7”, and of these the unstable y-variety is subsequently hydro- 
lysed on concentration to give the reactive type of the sugar. This 
immediately combines with the stable hexosides to give a non- 
reducing ' complex, regeneration of y-methylgalactoside being 
impossible owing to the removal of the alcohol. The course of the 
reaction would be represented by the following scheme: 

a-Methylgalactoside 



a-Methyigalactoside Galactose ^-Methyigalactoside 




a- and /3-MethyI-y-digaIaotoside, 

These suggestions are, moreover, in accord with the results 
previously obtained by Irvine and Cameron (T., 1905, 86, 907), 
who found that fully methylated hexosides of stable form could be 
heated at 110® to 150® without any hydrolysis occurring, the only 
change observed being an interconversion to an equilibrium mix- 
ture of the c£- and 0-isomerides. In these experiments, the forma- 
tion of the y-variety was ■ impossible owing to the' presence of the 
methoxyl groups, so that the complicated reactions described above 
'CouH not take ' place. 

Experimental.. 

y-Metkplgala€ioside.—Q3lB.ct0se was" heated at 100® with methyl 
.alcohol containing' 0*26 per. cent/'-of. hydrogen chloride in essentially' 
the, 'Way,; described ' by Fischer for ,'the preparation of ' a- and 
jS-methylgalactoBides, except that the acid was neutralised before 
removing the . solvent, ' The neutralised 'solution deposited .'crystals 
'of a-methylgalactoside' on slight ' concentration, and from' the" filtrate ' 
'a, viscid,' syrup was-obtained on'further ' heating.,'' , '..O'm' "the,," addition" 
of ether, this syrup formed ' a semi-solid mass consisting for the 
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most part of a- and jS-methylgalactosides, hut on triturating the 
mass with small quantities of absolute alcohol, some of the adhering 
syrup passed into solution and was removed by filtration. In this 
manner, a nearly colourless syrup of a ■ non-reducing character was 
prepared which, in order to remove impurities, was dissolved in 
methyl alcohol and the solution fractionally precipitated by 
successive additions of ethyl acetate. The yield was 30 per cent, 
of the sugar used. Eor analysis, the syrup was dried to constant 
Weight at 60^/20 niin. This method of preparation, it will be 
observed, differs considerably from that described by Eischer (loc. 
cit,) for the isolation of y-metliylglu coside, and it seems to point 
to the* interesting conclusion that in the ordinary process of hexo- 
side synthesis, the three modifications, a-, jB-, and y-, are produced 
togetlier. 

Found: C = 42-94; H=:7-3; OMe = 15*7. 

requires C = 43*27; H = 7'27; OMe = 15-98 per cent. 

The new compound thus isolated as a mixture of stereoisomer ides 
showed the characteristic reactions of derivatives of the y -series 
and gave [a]j 5 -f 12-95® in methyl alcohol and +25*9^ in water. 
It should be mentioned that attempts to prepare acetone deriv- 
atives similar to y-methylglucosidemonoacetone were entirely 
unsuccessful. 

'Hydrolysis of y-Methylgalactoside, — y-Hethyigalactoside is some- 
what more stable towards dilute acids than the corresponding 
glucoside, as it is necessary to carry out the hydrolysis with 100- 
iiydrochloric acid at 100®, The changes in optical activity observed 
are shown in Fig. 1, and it will be seen that the specific rotation 
increases without any irregularities until the value for galactose 
is reached, at the end of four and a-half hours. The continuity 
of the curve might at first sugges’t that only one of the two possible 
modifications of the ethylene-oxide type was present, but sub- 
sequent methylation showed the existence of the two varieties. The 
form of the curve does, however, prove that Fischer’s amorphous' 
product cannot be one of these y-isomerides. This compound is 
more dextrorotatory than galactose itself, and if it were present, 
the curve would show a point above the specific rotation of 
galactose before the constant value was reached. 

■; 'Teirmriethyl \ y-Methylgalactoside' t.waS' 

'' methylated by the' silver oxide- method' under the-' usual conditions,' 
and the' alkylation proceeded normally.'-" After three, -methylatidns, 
-ths'' product , was '.'extracted ■■-.with' - ether, and on -, distillmg"-.-' ■ .at, 
-14'2— 145° / 1 2 ' m'm'., ' a : colourless, ' mobile liquid' was-, ob tamed ■ ■ ha-ving' 
.[a']p -+,.3*98° iji alcohol. The value.. 'given' by Irvine and Cameron 
.for " their - abnormal form of tetramethyl methylgalactoside was 
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+ 4*06°, so that the two^ compounds are identical. Fractionation 
separated the distillate into two portions; the one boiling at 135°/ 
12 mill, gave [a]p —4*3°, and the other, boiling at 150°/ 12 mm.., 
showed [o]d + 8*8°, but the analytical composition of each fraction 
ivas identical. 

Hydroh/sis of Tetrcmiethyl y-M ethyl galactoside^ Tetramethyl 
y~Galactose, mid Octam ethyl y-Digalactose.—The methylated 
galactoside is only completely converted into the cDn*esponcliiig 

Fig. 1. 



Time in miniUes, 

sugar by beating at 100° with .V/lOO-hydrochloric acid for eight 
hours, and consequently hydrolysis experiments were carried out 
with iT/ 10-acid at 100°. As shown on the accompanying curve 
(Fig. 2), the specific rotation falls initially and then rises, the con- 
stant value -i-25-9° being reached at the end of five hours. The 
specific rotation given by Irvine and Cameron (lac. cit.) for the 
methylated sugar was 26T°, so that there was no doubt that tetra- 
methyl y-gala,ctose was present, but as new and unexpected caaes 
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of aiito-condensatioii had recently been observed, the sugar, isolated 
as usual, was left to remain for some time before distillation with 
the idea that a disaccharide derivative might possibly be formed. 
After an interval of seven days, the syrup was distilled at the low 
pressure of the G-aede pump. The distillate (b. p. 114 — 117'^/ 
O' 03 mm.), which was a colourless syrup, had now lost the proper- 
ties of a reducing sugar and acquired those of a glucoside. More- 


Fig. 2. 

Hydrolysis of tetramethyl j-77iethylgalactoside. 



Time in minutes* 

over, the specific rotation, had increased , greatly, the values for 
' [a]j^ in alcohol , and.,", water being'’ ■-f54*4°' and -f~'75^ .respectively.,' 
As was to* be expected, the new compound reduced potassium 
permanganate solution instantaneously. 

■■""Found; C = 52*2, '5'2A ; ■H=='8'5, ■S'^Ti'CMe^ ' ' ■ ■h' ) 

CfsoHssOii requires C = 52-86; H=8-4; 6Me=64-6 per cent. 

Tile, analytical figures indicate that the compound is octamethyl- 
digalactose ; but it is obviously liqt quite pure. 

^ bIb** • 
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Hydrolysis of Ociametliyl y-Digaloctose . — On lieatiiig a solution 
of the methylated disaccliaride in iY/lO-hydrocliloric acid at 100°, 
the specific rotation decreased, and at the end of eight and a-lialf 
hours reached the constant value -f 25*6°, which agrees with the 
figure previously found for tetramethyl y-galactose, and establishes 
the conipouiid as essentially a disaccharide derivative. 

M ethyl digala ct aside (1) from a- and l3~Medhylgalactosides.-—A. 
solution of 10 grams of an equilibrium mixture of a- and /3-methyl- 
galactosides in 50 c.c. of methyl alcohol was concentrated to a 
viscid syrup, which was dissolved in methyl alcohol and the solu- 
tion filtered. Addition of absolute alcohol to the filtrate gave a 
white, amorphous product of an extremely deliquescent nature 
which, after remaining for some time in a vacuum, was dried to 
constant weight at 70°/ 20 mm. The compound behaved as a 
glucoside to Fehlings solution, and gave [ajj^ in methyl alcohol 
■+ 85*6° and in water -1-101*1°. 

Found: C = 43*88; H = 6*9 ; OMe = 9-05. 

C13H24O1J requires C = 43-8; H = 6*8; OMe = 8*7 per cent. 

A molecular weight determination by the cryoscopic method gave 
M.W, = 341 ; requires M.W. = 356. 

An estimation by the ebullioscopic method could not be carried 
out, owing to the sparing solubility of the compound in any siiit- 
abie solvent. 

H ydroly sis of Methyid.igalact aside . — ^The digalactoside showed the 
marked instability towards neutral potassium permanganate solu- 
tion characteristic 0! ethylene-oxide compounds, so that it evidently 
contained one or more unstable linkings, and as these are ruptured 
by heating at 100° with A/lOO-hydrochloric acid, their number 
and position in the molecule of the digalactoside could be ascer- 
tained by folloydng the course of the hydrolysis with the polari- 
meter. The specific rotation was found to increase and reached a 
constant value at the end of three hours, whilst the solution 
acquired reducing properties. This reduction was entirely due to 
the forniation of galactose, as indicated by the fact that treat- 
ment with phenylhydrazine yielded galactosephenylosazone alone. 

' At the same time, fa ' methoxyb estimation ■ carried out: on the pro- 
.ducts^i'solated At this first' stage ■ of,. :the hydrolysis showed that a, 
hexoside ' was present. '■ Hence hhe increase in specific rotation is, 
not due to the formation of a disaccharide, but is occasioned by 
„the',„' liberation" of,.' a-methylgalactoside, ■ [ajj^ -f- 180°. The' "molecule 
of the' digalactoside' therefore'., contains' only one' unstable, linking, 
which is situate'.d.,in' ohe.of- the "sugar ■■residues, and , the , stability'' of' 
the giucosidic methyl group shows'.'' that this..; portion. 'of 'Ahe . molecule.' 
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retains the normal butylene-oxide structure. These observations 
are summarised in the constitutional formula given on p. 597 
The maximum value for the optical activity is, however, less than 
that required for an equimolecular mixture of a-methylgalactoside, 
[a]j 3 4-180'=*, and galactoside, [a]i> +81°. This deficiency is most 
likely due to^ the presence of the practically inactive 0-methyl- 
galactoside, and the form of the rotation curve when the hydrolysis 
is carried out with iV/lO-hydrochloric acid supports this contention. 
The changes in -specific rotation are shown in Fig. 3, and it will be 

Fig. 3, 


Hydrolysis of methyldigalactoside. 



Time m minutes, 

observed ■ that 'the '' rapid rise to . the maximum value in • the : first 
twenty minutes' is succeeded by a ■constant' period cf forty minutes, 
'd'uring which the decline in activity,- due' to the hydrolysis . of the 
adsomeride is balanced by the increase in activity occasioned ' by 
the: more quickly hydrolysed whilst the marked fall in the 

next ten' minutes indicates that this-, masking', effect has 'now' dis-, 
appeared,. .-The specific rotation then, decreases regularly until the 
value- ''for galactose , is reached'- after •four' hours. ,' This, preparation 
of,' .the, ', digalactosid© ' , therefore -.^hndoubtedly ', consists of a- and;, 
^-methylgalactosides' ill' union-; with '.-y-galaeto^ 


B t 
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MeMiyldigalactoside (2) jrom y-Methylgalactoside. — y-Metliyl- 
gaiactoside was treated in the same wa}^ as the mixture of a- and 
^mietiiylgalactosides. The compound isolated gave the same values 
for the specific • rotation as the previous preparation, -f85'6^' in 
methyl alcohol and 101 T^. in water. On hydrolysis with x¥/100~ 
hydrochloric acid at 100°, the specific rotation increased to the 
constant value +109*6° at the end of three hours, and after the 
acid concentration had been raised to N / 10, the same characteristic 
points were observed as before. The specific rotation remained 
constant for forty minutes, and then fell sharply to 104*5° in the 
next twenty minutes, after which it decreased steadily until the 
hydrolysis was complete. 

Methyldigalactoside (3) from a-MeAhylgcdactoside, — In this ex- 
periment, a specimen of a-methylgalactoside was used which had 
been several times recrystallised until entirely free from traces of 
either the jS- or the ■y-isomeride. The specific rotation of the 
digalactoside obtained was + 100*9° in water, and this increased on 
heating with / 100-hydrochloric acid at 100° to the maximum 
value 110*3° at the end of three hours. Thereafter the concentra- 
tion of acid was changed as before, when the variations in activity 
previously described were again observed. The preparations of the 
digalactosides are therefore indistinguishable from each other. 

I wish to express my indebtedness to Professor Irvine for valu- 
able advice in carrying out this work. 

Chemical Keseabch Labobatoby, 

United College of St. Salvatoe and St. Leoxabd, 

UmvEBsiTY, OF St. Anbbews. 

SSrd, 1918.] 


XL IX. — The Application . of the Auto-conde^isation 
Powers of y- Sugars to the Synthesis of Carbo- 
hydrate Complexes. 

By Maey Cdnningham. 

The preparation.of y-methylglucosidemonoacetone (Macdonald, T., 
1913, 103, 1896; Irvine, Fyfe, and Hogg, T., 1915, 107 , 524) 
and a comparison of the conditions under which the stable and 
unstable hexosides are formed suggest that the initial action of 
acid methyl alcohol on a reducing sugar may consist in transform- 
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ing a portion of it from the normal to the reactive form. This 
form of the sugar seems incapable- of existence' in the free state, 
and hence it would immediately combine with the alcohol to lonn 
a y-niethylhexoside. ■ In the preceding communication it has been 
shown that if a solution' of any on© of the three dsomeric metliyi- 
galactosides in acid methyl alcohol is concentrated, then a mixture 
of stereoisomeric condensation compounds results consisting of the 
stable hexosides united to y-galactose. It seemed, therefore, not 
impossible that similar compounds might be formed by merely dis- 
solving a reducing sugar in this reagent and concentrating the 
solution. The course of the anticipated reaction is represented by 
the following scheme: 

a- and /?-Hexose — >■ y-hexose — y-methylhexosides 



a- and ^-Methylhexosides y-Hexose 



Condensation compound. 

It was, of course, recognised that as the reaction could not be 
readily controlled, the y-sugar formed might condense either with 
the stable hexosides or with a preformed complex, thus giving rise 
to products of greater complexity than the methyldlgalactoside 
referred to, or even to mixtures of different complexes. These 
ideas were realised in that compounds containing two or more 
sugar molecules were obtained, galactose and dextrose giving 
respectively a methyltetragalactoside and a methyltetraglii coside, 
C25H44O21, whilst maltose yielded a methyitrimaltoside, 

Compounds of a similar nature could not be prepared from fruc- 
tose, as charring invariably occurred on concentrating a solution 
of the sugar in acid methyl alcohol, and, among' the reducing 
disaccharides, lactose remamed entirely vunaf acted by the reagent.' 
The products behaved as glucosides towards h'ehling ’s' solution and 
showed . the characteristic’ Tractions ■ of ^ y-compounds, ; whilst'' the 
results obtained O'H ' hydrolysis' '■indicate- that’ they ‘are ■'■constituted 
similarly . to methyMigalactoside, the 'giucosidlc methyl ' group" being 
attached to .' a sugar residue retaining the 'normal bU'tyl©neH>x'ide 
structure,'' whilst the' remamihg , sugar residues : conform, ■;to''.''t^^^ 
©thylene-oxid©; .type. It, should.' be.' m'.entioned; ,' that ,■ estimatibns' , of' 
Hiethbxyl ha'V.e . .been ', chiefly ;',..x'elied„ .on’’ '' in ; establishing- .ihe^ - degree ' of 
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complexity of these derivatives. Elementary analysis is obviously 
of little assistance, and the presence of so many hydroxy! groups 
rendered accurate determinations of molecular weight impossible, 
especially as water was the only solvent that could be employed. 


Experimental. 

The same method of preparation was adopted in each case. Ten 
grams of finely powdered sugar were added gradually to 50 c.c. of 
methyl alcohol containing 0*25 per cent, of hydrogen chloride, and 
the mixture was gently warmed, if necessary, to' hasten solution. 
The solution was then concentrated on a steam-bath to a viscid 
syrup, which was dissolved in a small quantity of methyl alcohol, 
and, after the solution had been filtered, absolute alcohol was 
added, which precipitated the complex as a white, amorphous pro- 
duct, This was collected with difficulty, owing to the deliquescent 
nature of these compounds, and finally dried to constant weight at 
70-~80°/12 mm. 

Methyltetragalactodde, — Found: 0=44*16; B[ = 6*8; OMe = 4'3, 
4*0. 

C 25 H 44 O 21 requires 0=44*12; H = 6'5; OMe = 4*5 per cent. 

[a]jj in water = 94 * 0 ° (<}= 1*6590). 

Hydrolysis of M€thyltetrayalactoside,-~-On heating at 100° with 
37 acid, the specific rotation increased to the con- 

stant value +108*5° at the end of five hours. Galactosephenyl- 
osasjone alone was isolated at this stage, so that the increase in 
optical activity is probably due to the presence of a-methylgalacto- 
side, 'thereafter, the acid concentration was raised to if / 10, and 
some of the polarimetric changes observed are shown below: 


Initial specific rotation.,...,... .... 

After '320' minutes at 100® : 108*5 

» 340 ^ „ ■ : 106-0 

*, 360 „ „ ................... lOO-O 

„ 420 tf tf — 94-0 

640 ' ...................... '■ '86*8 (constant) 


' As in ^the 'case' of methyldigalactoside, the presence of 0-methyl- 
galactoside seems 'established by the'fiuctuations in activity recorded 
'in, the /first ' Sixty , minutes. ' The final optical value when corrected 
for the calculated weight of sugar formed on the basis of the sug- 
'gested ':f'orinula for' the compound ,. becomes +82*0° (galactose=. 

\'''^'''Methyltetraglucmide.~^^ 0 = 43*5; H = 6*6; OMe = 4‘96'., . 

'^25®44^2i' G= 44*12' H = 6*5; OMe='4*5 per cent*',' 

[a] 
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Hydrolyd$ of Methyltetraglucoside, — The specific roiatioii in- 
creased on partial hydrolysis with A"/ 100-acid at 100 ® to the value 
4 - 104*5® at the end of sixty minutes, and then, declined steadily, 
the final value, +87'5®, being reached at the end of four hours. 
The initial rise and subsequent fall probably indicate, as in the 
case of the galactose derivative, that both os-methylglucoside, 
157®, and ^-methylglucoside, — 33®, are present. On 
completing the hydrolysis with iY/ 10-acid, the optical activity con- 
tinually declined, reaching the constant value 4-57*3® after heat- 
ing for a further six hours. Calculating on the above formula, 
this gives -f 54T® as the actual value for the specific rotation, 
which again is not far removed from the theoretical number 
4-52*5®. 

MethyltriinaU — This compound, even after drying to con- 

stant weight at 70®/ 40 mm,, I'etained a molecule of water, which 
was only removed on further heating at 100®/ 40 mm. 

Found: 0-43*0, 43*0; H-6*6, 6-7; OMe-3-6, 3'5; HsO-l-S. 
C37H(.Ai,,H20 requires C-43*4; H-6*5; OMe = 3*0; HoO-l*7 

per cent. 

Wd water 4 - 124*0® (e— 1*057). 

Hydrolysis of Methylt^dmaltoside.— After heating with xV/lOO- 
hydrochloric acid at 100® for three hours, the specific rotation had 
declined to the constant value +113*6®, when maltosephenylosazone 
was isolated, but on further hydrolysis with lY/lO-acid the activity 
continued to decline, showing that both the maltoside and the 
maltose were undergoing hydrolysis. The final value, +56 ‘8® 
(corrected, + 53*7®), was obtained at the end of ten hours. 

The author desires to express her thanks to Professor Irvine for 
the advice and assistance which she has received. 

Chemical Research Labokatory, 

The' tlNiTED College oe St. Salvator ajnd St. Leokard,. 

The TJhiveesity of- St. Ahdrews. . 

lEeceived, March 12th, ' 
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h.—The Preparation of a Neiv Type of Organic 
Sulphur Compound. 

By Gerald Noel White. 

The compound wliicli forms the subject of this paper is a repre- 
sentative- of a class of compounds ■which, so far as can be ascer- 
tained, has hitherto eluded isolation, being a derivative of hydrogen 
persulphide, H 2 S 2 , in the form of ^-napMJiylthi acid: 



It is highly probable that compounds of this type are produced 
as intermediate products in a number of chemical processes. In 
particular, the production of the sulphide dyes in all probability 
involves the formation of analogous dei'ivatives of hydrogen di- 
sulphide. 

The compound in question is produced by gently heating together 
molecular quantities of iS-naphthyl disulphide, sodium sulphide 
crystals, and pure sulphur. After complete solution of the sulphur 
in the aqueous sodium siilpliide, the naphthyl disulphide passes 
slowly into solution with continued heating to about 80°. 

On cooling, glistening lamellje of the sodmin salt, which is very 
readily soluble in water, crystallise out. Purification is difficult, 
but after pressing on a porous plate, the most satisfactory method 
IS to dissolve the sodium salt in alcohol and precipitate it with 
benzene. . . 

- For analysis, a portion of the sodium salt prepared in this way 
was treated ' with aqueous hydrochloric, acid. ' The,' free acid was 
dissolved in alcohol. and .precipitated .with „ water this process was 
repeated three times and the product <iried in a desiccator : 

‘ 01757 gave GAOM COg and 0'0569 H«0. 0 = 62*8; H = 3-6. 

' 0*1136 ;gaYe 0*2827 :BaS04; S = 34-l/' • 

' CioH^Sg requires 0 = 63,*1. H = 3*2 ; B ’= 33*7 per cent. ' 

" ' With , lead acetate, asdeep orange^ precipitate' is obtained, which 
darkens to scarlet on keeping, and ultimately changes to deep 
brown or black by decomposition to lead sulphide. 

' , this' reaction, is" .allowed' to proceed in boiling"' .alcohol, and 
the' clear solution decanted quickly, crystals^ of ^-naphthyl di- 
sulphide - are .formed ,on ■, cooling ' which are remarkable ' for th.eir 
.purity. ,A study of: Ihis reaction ' failed to detect .any ■ deposition: 
of sulphur' as 'Should 'the' decomposition of 'a'" no-nnai' 
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lead salt^ ■ and it seems proUalble tliat the alcohol used in the 
reaction , may act as a reducing agent, which would explain this 
observation. 

At present, however, the evidence is insufficient to do more than 
indicate the possible course of the reaction. 

University College, 

London. \Recmved, June llth^ 1918.] 


hL—Dotihle Carbonates of Sodium and Potassium 
with the Heavy Metals, 

By Malcolm Peecival Applebey and Kenneth Westmacott Lane. 

The combination of alkali carbonates with carbonates of the heavy 
metals to form crystalline double salts has been long known, many 
of these compounds having been prepared by Beville {Anfi. Chim. 
Ph?/8., 1851, [iii], 33, 75) by digesting the precipitated metallic 
carbonate with excess of a concentrated solution of the alkali 
carbonate. Double carbonates of cobalt, nickel, zinc, and mag- 
nesium with potassium, and of copper, magnesium, cobalt, nickel, 
and zinc with sodium, were thus prepared, whilst several doiihle 
bicarbonates were obtained in a similar manner. Owing to the 
method of preparation adopted, Deville's compounds must have 
been contaminated with normal and basic metallic carbonates, but 
his products were sufficiently pure to make possible a general 
characterisation of this group of substances. A somewhat more 
satisfactory method of preparation was adopted by Beynolds (T., 
1898, 73, 262), who ground the solid acetate of the metal with a 
concentrated solution of potassium carbonate. Under these con- 
ditions, complete solution takes place, and the crystalline douhle 
carbonate is subsequently deposited in a fairly pur© state. In this 
way, Reynolds succeeded in obtaining the double carbonate of 
copper and potassium which Deville had failed to prepare owing 
to its great solubility. • The ■analyses of Reynolds's copper com-. 
■ pounds show rather high values for the copper content, and suggest 
the, presence, , of basic carbonate. - .. Groger 1901, ,429) 

afterwards demonstrated the advisahility^ of adding bicarbonate , % 
the alkaline carbonate solution,-, a- modification, which, as was pointed- 
out, by. Wood' and- Jones Gamh, FhiL :SoG,y 1907. ^ 14, 71), 

- represses , t^®' hydrolytic dissociation -of, 'the , -copper, ."carhonate-. The 
potassium, ",and' sodium copper-carbonates prepared' by Groger never- 
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tlieless coiitaiiied considerable amounts of basic carbonate, the 
potassiiiin, salt being particularly impure. This was, however, 
probably due to the subsequent treatment of the salts. 

The nature of the deep blue solutions from which the copper 
salts are deposited has been examined by Luther and Kr.-njavi 
{ZeUsch. anorg. Ohem., 1905, 46, 170), who proved by transport 
experiments the presence of a deep blue complex negative ion con- 
taining copper. The conditions under which crystallisation of 
double salts from such solutions takes place have also been dis- 
cussed by Beville and by Groger. No quantitative study of these 
conditions has yet, however, been attempted, although the case is 
one of particular interest, since it relates to a double salt of which 
one convstituent is practical!}" insoluble in water. The authors 
therefore undertook a study of the solubility equilibria in the case 
NawjC 0 n~Na 2 Cu(C 03 ) 2 ~CuC 0 jj, which is typical of double salt 
equilibria of this kind. It was hoped that a parallel investigation 
of the equilibria in the formation ol the potassium cobalt com- 
pound would be of interest. Unfortunately, owing to the difficul- 
ties of analysis in the latter case and to the enforced suspension of 
the work under present conditions, it has not been found. possible 
to bring this part of the investigation to a satisfactory conclusion. 
The present communication therefore deals almost entirely with the 
sodium copper carbonate equilibrium. 


Preparation and Properties 0 Double Salts. 

The salts prepared for the purpose of this investigation were all 
obtained by a method which, whilst not giving so good a yield as 
could be obtained by BeynoHs’s method, was preferable for the 
purpose in view, since it gave products of greater purity, analysis 
showing that the amount of basic carbonate present was small. 

Sodium Copper GarbormU —A. solution was prepared containing 
about 100 grama of sodium carbonate (anhydrous) and 40 grams of 
sodium bicarbonate in a ' litre. ' To this solution, at a temperature 
of abouj) 50^, a concentrated solution of cupric acetate was added 
from a burette with a hne point, the liquid being stirred continually 
dimng the addition. A clear, deep blue solution quite free from 
' suspended basic carbonated is ' obtained ' in' 'this ' way.; The amount 
'of "cupric acetat 0 ''solution'.to''be; added is' found by trial; 'if too 
' .much is added, .precipitation of basic carbonate occurs; if too little, 
there'.'is''no ',crystallisa^^ The . 'solution is filtered, 'and left to 

;rem.ain:'overnight,,when^ a deposition of' weil-fo^^^ crystals of the 
double salt tak^ ' place. ; These are, collected ; , rapidly washed '.with 
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pure alcohol, and dried in a desiccator. 'The mother liquor can he 
used for a further preparation, and gives a rather better yield. 

The salt, which crystallises in needles or rosette-like agglomera- 
tions, dries tO' a constant, weight in a desiccator. It is, in fact, a 
more stable' substance than might be expected, since microscopic 
examination fails to show any alteration in the transparency of 
the crystals after they have been kept at the temperature of boil- 
ing water for a considerable time. At higher temperatures, the 
substance loses water and carbon dioxide, passing through a stage 
when it has a purple colour, and giving finally a mixture of cupric 
oxide and sodium carbonate. It is decomposed by water, but dis- 
solves i|i and can be recrystallised from a concentrated solution of 
sodium carbonate containing bicarbonate. This observation, which 
is in direct contradiction to the experience of G-roger {loc. cit.), has 
been fully established by repeated tests. 

The copper in the compound was determined by the sulphide 
method and also electrolytically, the sodium as sulphate after pre- 
cipitation of the copper. Carbon dioxide and water were estimated 
directly in the usual manner. 

Found: Cu = 22*05 ; Na = 16*05 ; 003 = 42-52 ; 19* 62, 

Na 2 Cii(C 03 ) 2 ,SH 20 requires Cu = 22*40 p Na- 16-21 ; 003=42-37; 

H20 = 19-02 per cent. 

It will be seen that the substance has the formula 
Na20u(CO3)2,3H2p, 

as was found by Deville, Groger, and Woodland Jones (loc. cit,). 
The amount of water of crystallisation in this salt is somewhat 
anomalous, as the large number of double carbonates of potassium 
investigated by Reynolds, and the sodium cobalt compound to be 
described later, all crystallise with four molecules of water.* 

Sodium Cobalt Carbonate . — This substance was prepared in 
exactly the same manner as the copper compound, except that the 
cobalt was added in the form of nitrate solution. The double salt 
crystallises in crusts of fine crystals of a very bright reddish-purple 
colour. It can be recrystallised from a solution of sodium carbonate 
and bicarbonate, but it is difficult to obtain well-formed crystals. 

The salt was analysed by dissolving a weighed quantity in excess 
of standard acid and titrating- with standard , alkali, using m-ethyi- 
orange. as indicator. The/colour ; of 'the solution is not sufficiently 
intense to affect the accuracy of this determination, which gives the 
total basic equivalent of the sodium and cobalt in the compound. 
Another ,, weighed sample is, then ' ignited until 'it', is ' completely con-', 

* The potassium copper salt can also be obtained anhydrous and with one 
, molecule,; of water, but not with three, -. ■ 
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verfced into a mixture of^ cobalt oxide and sodium carbonate, of 
whicli tlie latter can be extracted with hot water and estimated 
hj titration. This gives the percentage of sodium in the com- 
pound and the percentage of cobalt by comparison with the deter- 
mination of total basic value. The sodium was also deterixiined as 
sulphate (a). The water was determined in the usual way and 
the carbon dioxide by dilference. 

Foiiiid : Co - 20-42 ; Na - 15-03, 15-26(«) ; CO.. = 40-79 ; 

mo = 23-64. 

NaoCo(C03)2,4H20 requires Co = 19-85; Na=15'52; 003 = 40*38; 

H2O = 24*25 per cent. 

The substance evidently has a formula corresponding with the 
double potassium salts described by Reynolds, and is tberef ore un- 
like the sodium copper carbonate, which has only three molecules 
of water of crystallisation. Deville also obtained a double sodium 
cobalt carbonate with ten molecules of water, but this substance 
was not formed under the conditions described in this paper. 

FoUissium Cobalt Carbonate , — This salt is obtained in an 
analogous manner to those previously described, the solution used 
for the preparation containing about 400 grams of potassium 
carbonate and 100 grams of potassium bicarbonate per litre. 
On addition of cobalt nitrate solution, a dark, reddish- 
purple solution is obtained very similar in appearance to 
that from which the sodium salt is deposited. The crystal- 
line double salt is, however, different in habit and in appearance 
from the corresponding sodium compound. The crystals are well 
formed and do not mass together in compact crusts. They present 
the appearance of six-sided tables which have not the bright purple 
tint of the sodium salt. Large crystals formed by evaporation of 
solutions saturated with the double salt have a red colour resembling 
ordinary 'cobalt, compounds, .whilst the smaller crystals deposited 
ti.Qm the purple solutions are a lighter red, or in some cases a pale 
pink. The differences in colour between different specimens at 
first led to the belief that the cobalt potassium compound occurred 
in several forms differing either in composition or in crystalline 
form. Repeated analyses and measurements of solubility failed, 
however, to show any difference between the differently coloured 
specimens, nor did either the red form or the pink form grow at 
the expense of the other when both were kept in contact with a 
saturated' solution for several, months. ■ The auth:>rs ■ are therefore 
bound ,tp conclude that the ' differences of colour referred to. are 
.not, ■due..,'.to;rlifferences . .of'.composi^^^^ structure, or crystalline" 
arrangement. They are probably to be explained by occlusion of 
.'different .amo.unts ; of -.some ■..■colloidal, substance, such' ■ as cobalt 
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carbonate. TMs conclusion is supported by the observation that 
increase in the concentration of bicarbonate^ in solution tended to 
favour the production of the lighter coloured variety. The ' effect 
is probably quite parallel with the well-known changes in the 
colour of many metallic salts when crystallised from solutions of 
varying acidity ; these changes have been shown tO' be due to the 
occlusion of varying quantities of metallic hydroxides under 
different conditions. 

Analysis by the method used for the sodium cobalt compound 
gave : 

Foimd: CO-17-S5; K = 24'05; 00^=21*60; 

KoCo(COo)o,4HoO requires Co = 17-91; K = 23-72; COo = 21-S9; 

H20 = 36*45 per cent. 

This substance also- clearly belongs to the normal type with four 
molecules of water of crystallisation, as was previously found by 
Reynolds. 

Both the sodium and potassium cobalt salts have properties very 
similar to those of the sodium copper carbonate. They are quite 
stable in the cold, hut lose water and carbon dioxide on heating. 
They are decomposed by water, but, like the copper compound, can 
be recrystallised from concentrated solutions of , alkali carbonate 
and bicarbonate. 

Formatim of the Doiihle Salts. 

The formation of the double salts from the intensely coloured 
solutions has already excited some interest. Deville remarked upon 
the deep colour of the solutions, and doubted whether this colour 
could possibly be due to the small quantity of double carbonate 
which ill the solid state is not more highly coloured than ordinary 
copper salts. A very striking experiment illustrating Deville's 
argument consists in acidifying a solution of the double carbonate 
containing 0*1 to 0*2 gram of copper per litre. This solution, 
which is bright blue, becomes almost colourless when the complex 
ion is destroyed by acidification, and even the addition of ammonia 
only produces a colour very much fainter than that of the original 
solution. Deville was so, much impressed with the intense colour 
of the solutions that he regarded it as possible, if not probable, ,that 
the solutions contained some substance much more intensely coloured 
than the' double carbonate into '- which' it was slowly transformed 
during the crystallisation of the latter. 

Other phenomena now to be- discussed ■ give considerable , support 
to ' Deville’s hypothesis. . The , crystals of , the ' double salt are formed 
'"-slowly ' from the /solution "when, the-; latter has been'' 'kept'' for „several 
hours,, but the 'solution . is mot 'supersaturated in the ■, ordinary sense. 
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This is sliowii by the fact that addition of crystalline nuclei does 
not appreciably hasten the separation. G-roger, who noted this 
plienomenoii, also describes a remarkable experiment, which the’’ 
authors have been unable to confirm. According to Mm, if a solii- 
tioii supersaturated with sodium bicarbonate is used in the pre- 
paratioii of the copper solution, addition of the crystalline double 
salt brings about no crystallisation, but sowing with a fragment 
of sodium bicarbonate not only induces crystallisation of the 
bicarhoiiate itself, but also brings about the rapid separation of the 
double salt along Avith it. This would constitute a remarkable ' type 
of siipersaturation ; attempts to repeat the experiment, however, 
never led to the result described, only bicarbonate being obtained 
as solid phase, whilst no appreciable fall in copper concentration 
took place. 

It was thought that evaporation or absorption or loss of carbon 
dioxide might be a determining factor. Experiments were there- 
fore entered on to test these points,. but the results were entirely: 
negative. Whether the solutions were left to crystallise in the 
open, in sealed flasks, or iii a desiccator connected to a Kipp^s 
apparatus for carbon dioxide, no appreciable difference in the rate 
of crystallisation was observed. It is therefore tentatively sug- 
gested that the behaviour of the solutions is due to one of the 
following causes: 

(1) The rate of crystallisation is very small, and there are no 
stable supersaturated solutions. 

(2) An intermediate compound is formed in the solutions which 
changes only slowly into the practically insoluble double salt. 

In the latter case, the change from intermediate compound to 
double salt is reversible, since the double salt can be recrystallised 
from a solution of carbonate and bicarbonate. 

The SoluMUty EquUihria. 

■ ^ In imdertaking this investigation, the authors were faced at the 
■outset with' the;,' difficulty' that 'solutions of the, double salts are 
imstable., in absence . of bicarbonate.. ■ . Eepeated , attempts to obtai,n 
a, solution saturated with sodium . carbonate decahydrate and with 
the sodium^ copper' carbonate in. absence of bicarbonate all led "to,, 
"failure. , When the' solids were; stirred' in a constant-temperature ' 
ba,th at 18^,, a .blue solution 'was obtained, but decomposition with 
.precipitation of ■ basic , compounds ■ always occurred before the ■ ex- 
periment had '.proceeded ..a sufficiently long time to,' ensure,, the attain- ' 
.ni'ent .of.eqaiiihrium,. , It: was,. 'therefore decided that theAVork 'mii,st,.'' 
'be ■ c,arried,„^. out, exclusively' /with',' .solutions' ■' containing '■"hicarbonatev.^' '■ 
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In many respects, tlie simplest plan and that promising results ol 
most interest, was to work with solutio.ns saturated with sodium 
carbonate or with sodium bicarbonate, and the determiiiations made 
by the authors relate only to such solutions. The equilibria 
investigated are therefore, those-, of (1) sodium copper carbonate and 
sodium bicarbonate with solutions containing increasing quantities 
of sodium carbonate ; (2) sodium copper carbonate and sodium 
carbonate decahydrate with solutions containing decreasing quanti- 
ties of bicarbonate. In each of these regions we are dealing with 
a system univariaiit at constant temperature with two solid phases. 
At the point of intersection we have at constant teniperature a 
non-variant system with three solid phases. 

The concentration of copper in the equilibrium solutions, is in 
ail cases very small in comparison with the concentrations of the 
sodium salts. The latter may consequently be considered as 
influenced only to an inappreciable extent by the presence of 
copper. The determinations therefore serve also to characterise the 
equilibrium of sodium carbonate and sodium bicarbonate at the 
temperature of experiment. They may be compared with the 
results of McCoy and Test (J. Amer. Chejn. Soc., 1911, 33, 473) 
at 25®, 

The solutions were prepared in a stirring-bottle closed with a 
mercury seal and maintained at 18® by means of a constant- 
temperature bath regulating to 0'02®. The time allowed for 
equilibrium to be established was never less than forty hours, pre- 
liminary experiments having shown that this was a satisfactory 
minimum period. When saturation was complete, the stirrer was 
stopped and the solution was allowed to settle. The stirrer was 
then removed and replaced by an inverted filter, through which 
the saturated solution was blown into a clean flask, from which 
samples were taken for analysis. Filtration of the solutions was 
necessary, as in some cases a solid substance, probably a basic 
carbonate, was present in a state of very fine suspension. 

The concentration of copper in the solutions was found by direct 
titration of the solutions with a potassium cyanide solution, 
standardised against alkaline copper solutions of known strength, 
due allowance being made for the variation in the titre of the 
solutions ocasioned by variation in bicarbonate concentration. The 
; .cyanide , titration of ..these solutions , is much sharper than, in, the 
case 'of ■; ammoniacal ■ copper 'solutions - of' equal copper content 
43, 2'68). 

The, 'carbonate and .bicarbonate,' were -determined by dilution-,. of 
-..the solutions by means of carefully ' standardised pipette and flask, 
'.an.d"''..,titration .'by "Winkler ’s ., m-etHod ,-■ A ■ tno.,dific'atio'ii ' o f this',' meth-od"' 
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wiiicli proved serviceable consisted in running in #/ lO-sodiuiii 
hydroxide solution until the bicarbonate was almost completely 
changed into carbonate, the amount necessary.' being found by a 
preliminary trial. Excess of neutral barium chloride solution and 
a drop of phenolphthalein were then added, and the titration with 
sodium hydroxide was completed. This modification is preferable 
ill point of convenience to Winkler's method of adding excess of 
sodium hydroxide, then adding barium chloride and phenol- 
phthaiein, and titrating back, and appears to be quite as accurate, 
aitlioiigh, of course, several titrations of each solution must be 
carried out. If the quantity of sodium hydroxide solution first 
added ds sufficiently near the cjuantity required for complete con- 
version (within 0-2 or 0’3 c.c.), there appears to be no difficulty 
occasioned by the decomposition of the barium bicarbonate which 
must be formed on adding barium chloride. 

The following tables give the results of the several experiments 
made with the sodium copper solutions (table I) and with the 
potassium cobalt solutions (table II). No determinations of the 
cobalt content of the latter solutions are given, as sufficiently trush 
worthy values were not obtained at the time when the experiments 
were interrupted. The concentration of cobalt in the equilibrium 
solutions was in the neighbourhood of 0*1 to 0‘2 gram per litre, and 
appeared to pass through a minimum value at a concentration of 
potassium carbonate equal to about 200 grams per litre. A similar 
variation is not found in the case of the sodium copper compound, 
with which the copper content of the equilibrium solutions increases 
con tiniialiy with increase of the carbonate concentration. 


Table I. 


No. of 
experi- 

.Hours 

Na^COg 

grains/ 

NaHCOg 

grams/ 

Cu 

grams/ 

ment. 

stirring. SoHdq>hases. 

litre. 

litre. 

litre. 

' ■ i . 

48''^ 


9-27 

87*79 


.2 

140 ' 


11*08 

86*45, 

0*0509 

' ■ 2 ■ 

50 1 


11*29 

86*75 



■'60i 


13.44 

85*27 

0*0542, 

" 5 

•50,! 

Na>Cu(C03h,2H20 

37*30 

, 78*63 

■ . — 

■■ ■ 6' 

•• 100 

^ , and H 

61*32 

74*18 

— 

7 

lOO 

NaHCOs 

62-36 

72*65 

0*0870' 

^ 8 

iOO 


96*68 

65*31 

0*1061 

■' : QV 

'■ ■ 50 


99*30 

64*10 

0*1061 


70 


152*63 

56*24' 

0*1411 

.. ^ 1I-, 

■„ :50, 


U68-75 

53*60 

0*1,553 

/, ,"12;, 

5oJ 

r Na2Gu(C0.,).-„2H20 a 

r,. ' NaHbOa ' \ 

1 ; ' ' and ■ i 

.185*02 

53*77, 

■ 

; U: 

SI 

L Na^CO^riOHsO 1 

[•■ ■ ■ Naph(C03b,3H20' ' i 

[ 193*13 

d7*64" 


14 

50 

SOj 


195*57' 

' ■ .'7*'48'^ '•' 

' 


5 ' : • •, ,: N%CG3,16H^0' ' 1 

[l 97*08 

•1'8*94 

0*257; 
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Table II. 


No. of 

©xperi- Hours 

ment. stirring. Solid phases. 


1 

120'\ 

2 

70 

3 

50 

4 

240 ' 

5 

100 

6 

70 

7 

40 

8 

50 1 

9 

120 

10 

120 

11 

120 

12 

70 

13 

40 

14 

70 

15 

120 

16 

120^ 

r 

17 

12o| 

18 

120 1 

19 

170 / 

20 

170| 

21 

100 , 

22 

170 / 


K: 2 Co(CO;i) 2 , 4 H 20 and KHCO 3 


K^CoC 003 ) 2 , 4H.,0, 
KHCOgand" 
K2C03,2KHC03,3H20 
KoGo( 003 ) 2 , 4 H 2 O 
K;C03,2KHC0s,3H20 
K;oCo(C03)o,4:HoO, 
E:oC 03,2H.,0 and 
KoC63,2KHC03,3H20 
K2Co(C 03)2,4H20 and K2003,2H20 


K 2 CO 3 KHCO., 

grams/ grams/ 
litre, litre. 

13*3 280-6 

14*85 282-5 

25-5 272-4 

47-5 262-3 

103-2 237-0 

114-1 230-7 

125-1 227-6 

J 145-7 219-0 

166-8 203-2 

220-0 181*0 

289-4 158 -§ 

309-2 151-3 

453-5 108-4 

607-7 68-9 

643-0 64-1 

> 704-3 54-6 

1 800-2 43-1 

r 805-1 40-9 

\822-8 35-0 

• 825-8 33-1 

1 836-2, 12-2 

\840-8 5-9 


These results are represented graphically in Figs. 1 and 2. 
Fig. 1, which also contains McCoy and Test’s results for the sodium 
carbonate-bicarbonate equilibrium at 25°, shows no sign of a break 
corresponding with the double compound Na 2 C 0 ;j,NaHC 03 , 2 H 20 
(trona) at 18°. It is therefore probable that this compound ceases 
to be stable in contact with solutions at some temperature between 
18° and 25°. 


In the course of the solubility experiments, it was noted that- 
a distinct change in the appearance of the solid phase occurred in 
passing along the bicarbonate curve. The bicarbonate used in 
these experiments was the usual micro-crystalline variety , and this, 
form appeared to suffer no change when left in the stirring bottle 
in contact with solutions ranging from pure bicarbonate to a point 
on the curve corresponding with about 70 grams of carbonate per 
litre. Beyond this point, the solid phase becomes transformed into 
well-formed, transparent; crystals. These crystals ' are- nevertheless,: 
pure' anhydrous bicarbonate, as was established, by repeated, analyses''. 
It' is possible.' that' a polymorphic' change takes place, but 'in ,view' . 
of the fact that the ''solubility curve.' s'hows no break, and ' 'Seemg": 
that :, all attempts to :,'obtain ; evidence .of ,', a definite , 'tranaition '/p'olht " 
'faile'd:'',c.ompletely,:::thevauthors'''^re;:inclin€d to. think,. ,; tha.tr'.the; pheno-. 
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iiieiioii is not to be explained by polymorphism. This opinion is 
supported by the absence, of any clear distinction between the two 

Fig. h 


Upper curve, McCoy and Test, 25® 
Lower „ Applebey and Lane, 18°. 



NagCOs grams per litre. 


Fig. 2 . 



'Muds , of crystals' ^hen examined nn'der.the polarising, "microscQp'e.' 
Probably, the„ conditions of the solubility' e'quilibiiiiiH' in ''p'resence. 
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of considerable quantities of sodium carbonate are suck as to 
facilitate tbe growth of the crystals. 

Fig. ' 2, which is the corresponding diagram for potassiiini 
carbonate and bicarbonate, shows clear evidence of a double com- 
pound, This substance, the region of stability of which is very 
limited at 18°, is doubtless identical with the compound obtained 
by Bauer (Ber., 1883, 16, 1143) during the evaporation of 
bicarbonate solutions on a large scale in a mineral water factory. 
This salt was carefully analysed, and was examined crystallo- 
graphically by Rammelsberg, but all attempts to obtain it synthetic- 
ally have up to the present failed. Its formula is 
E:2C0s,2KHC03,3H20, 

and, as the figure shows, it is only obtainable in equilibrium with 
a very limited range of solutions, which are very different in com- 
position from the double salt itself. 

The determinations of copper concentration in the equilibrium 
solutions lie on a smooth curve showing a steady increase with 
increase in the concentration of sodium carbonate. The copper 
determination of experiment 15 alone lies considerably above the 
curve. This point is the only determination of copper concentra- 
tion in a solution in equilibrium with sodium carbonate decahydrate 
as solid phase, and seems to show that the rapid decrease in the 
bicarbonate concentration along the decahydrate curve brings about 
an increase in the copper content. Experiment 15 is, however, 
not very satisfactory, as the solution appears to have been some- 
what supersaturated with carbonate owing to failure of the regula- 
tion of temperature, and the corresponding point lies at a consider- 
able distance from the curve in Fig. 1 which connects the other 
points. The authors therefore content themselves with noting the 
observation, but lay no stress on its interpretation. 

Dlseussiofi of EesnUs, 

■ The' experimental results- set' forth ' above' ha've' several- features 
of interest which throw some light on the nature of the equilibria 
involved . In the first place, it is noteworthy that the cu rv© of 
copper concentrations does not approach the solubility of copper 
carbonate in water, which is negligibly small, as the concentration 
of sodium carbonate decreases, but the curves of solubility of copper 
carbonate' and 'double- salt "appear to., intersect at a copper concen- 
tration of about 0‘045 gram per litre. This is unlike the normal 
case of double salt equilibrium in which the solubility of each 
component is lowered by the addition of the other. Assuming that 
: this' abnor'ihal ':'rise-,'- of solubility/^qf ^carbonate. ih,^:th'e ^.pre^nce-,,' 



620 . APPLEBEY AKB LAl^E *. DOUBLE 'CARBONATES OF : 

o'f sodium carbonate is due to the formation ' of tbe complex ion 
€11(003)3, it is easily sbown that the first effect of sodium carbonate 
must be to depress tbe solubility of the other component^ the solu- 
bility passing through a minimum, and subsequently rising on 
addition, of further quantities of the sodium' salt. The, investiga- 
tion of this curve forms no -part of the present investigations. ■ It 
may be noted,, ho-wever, as a point of interest, that by the applica- 
tion of the mass-action law, which is possibly justifiable in that 
only very dilute solutions are under consideration, it can he readily 
established that the position of the minimum solubility is given 
by the condition. 

[Cu“] = [Cu(C03V']. 

Passing now to the consideration of solutions saturated with the 
double salt, Na2Cu(C03)2,,4H20, the results obtained in the present 
work are again at variance with the normal behaviour of double 
salts in that the increase of concentration of one component brings 
about an increase in the concentration of the other, the curve 
apparently rising fhroughout its whole course. This abnormal 
behaviour must, as in the* case of the solubility of copper carbonate 
itself, be occasioned by the formation of a new constituent in the 
solution which removes copper from the solution equilibrium of 
the' double salt, and so leads to an .increase in its apparent solu- 
bility. The increasing solubility of the double salt with rising 
concentration of sodium carbonate thus constitutes a direct experi- 
mental proof of the view held by Deville that the copper in these 
soiiitions was largely present in some form chemically different from 
the salt which crystallises out. . ■ ■■ 

Turning now to the identification of the dissolved substance, 
which is thus the parent of the crystalline double carbonate, a little 
consideration will show that if .the substance is. an, ionisable, one, 
the complex copper ion which forms the negative part must consist 
of a more heavily carbonated species, such as Cii(C03)/'"' the 
concentration of such an ion would ' increase with increasing con- 
centration of carbonate. ' On .the other hand, if , such ' ions' are 
present, it 'is .''very , remarkable that double ; salts .containing more 
than, on© equivalent of alkali carbonate to on© of metallic carbonate 
never .crystallise' out of '.any of these alkali metallic carbonate 
solutions.,' 

.The.'authors , are, however, of opinion that the true' explanation 
of' the' 'Solubility, phenomena is to he found in the presence of . a 
large,,, proportion of the copper, in the form of a colloidal, substance, 
probably a,n,orinaL or .basic copper ..'carbonate. This view accounts 
.for the contrast 'between The .colour of .'the, ' solutions' , and ,, that of 
.the crystalline ;Touble', salts, ^ .'Supported by the fact,, 'that. 
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coagulation can certainly be brouglit about, although with diffi- 
culty, by the addition of much sodium phosphate -to the solutions. 
The possibility that the solutions are of a colloidal nature has 
already been considered and rejected by Luther and Kr^^njavi; {loc. 
cit,) on the evidence of their transport experiments, and also 
because the solutions can dijffuse through a parchment membrane. 
It appears, however, that such arguments, whilst they prove the 
presence of complex negative ions containing copper, do not at ail 
exclude the simultaneous presence of a positive colloid, which may, 
in fact, be much greater in amount than the complex ions. In fact, 
it is obvious that when a solution contains a colloidal substance in 
kinetic equilibrium with crystalloids, the coiioid will diffuse through 
an animal membrane by first changing into the dialysable form, 
the colloidal form being again obtained on the other side of the 
membrane by the reverse change. The passage of such a solute 
through a membrane will doubtless be slow in comparison with the 
rate of dialysis of crystalloids, but when the above conditions are 
fulfilled, such passage must take place. The escape of colloid 
normally comes to an end after a small quantity has passed, owing 
to ^the disappearance of some crystalloid factor on which the 
change to crystalloid form depends. An example which will make 
the argument clear may be found in ferric chloride. A solution 
of this substance may be regarded as made up of colloidal ferric 
hydroxide, ferric ions, and hydrogen and chlorine ions. In the 
dialyser, the ions, including the ferric ions, immediately begin to 
diffuse out, and diffusion of ferric ions will, in fact, continue as 
long as chlorine ions remain in the solution. The concentration of 
chlorine ions in such a solution is, however, not very great, and 
their escape is fairly rapid. The result 4 s that escape of ferric ions 
soon comes to an end. In the case of the alkaline copper solutions, 
however, the crystalloid and diffusible substance, Na^Ou (003)2, 
constantly regenerated, since the solutions contain much sodium 
carbonate, which takes a considerable time to escape from the 
dialyser. The escape of copper is therefore more pronounced than 
that of iron from a ferric chloride solution, and, in fact, is so 
favoured by the^ presence of, excess- of '.sodium carbonate that the'' 
solution simulates the behaviour of a simple crystalloid. 

.It .is perhaps worth noting- that ..Luther a.,nd 'Krsnjavi ' -.remark 
that' -the., movement of' the coloured'.'" boundary .in . their .transport: 
experiments w-as very slow. ',■■ This m'ay to; some extent be, due ''to ' 
the '--conversion of the complex ions '-.which have '.crossed ■the'bo'ia'nd'ary,', 
into .the- positive colloid,. wHch:','.travels -in the- opposite, "direction" '''by 
cataphoresis."''"-' ^ 
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LIL — The Constitution of Carbamides. Part VI. 
The Mechanism of the . Synthesis of Urea from 
Urethane, 

By Emil- Alphonse Werneb. 

The formation of urea from the interaction of ammonia and 
urethane (ethyl carbamate) has always been considered' to afford 
conciusive evidence in support of the ‘'carbamide' structure, and 
is commonly represented by the equation : 

CO(OEt)2 + 2N.Hg=CON2H4 + 2EtOH, 

This synthesis of urea is invariably assumed to be analogous to the 
formation of acetamide from ethyl acetate, urethane being merely 
recognised as the normal intermediate product. 

As a matter of fact, it is nothing of the kind. 

When the true mechanism of the change is brought to light, it 
is , seen to- be nothing more than a modification - of Wohler's 
synthesis, namely, the formation of urea from the union of 
ammonia and cyanic acid, in the keto-form., 

Fmperiies 'o.f Urethane^ and the Conditions tinder which L^rea'is 
formed from the Ester. 

„ The vapour density of, urethane. (b. ;p. 182®) at '202*8^ (b. p. -of 
m-cre-sol) was' .found, to -be 43'‘22,;,, whilst ' theory " requires 44 v5 on 
.the ..other-, hand, w-hen. .the ' ester ' was ' boiled under ' reflux, ■ .it- was 
gradually dissociated' ' in ,- ' accordance ■ with , the -equation 

' '(pdymerised) . 

thus, .'"after .:two '.ho.iira,.:-'"16 ' .per: .eent. ' of the theoretical .-, yield mf' 
'-eyanuric>cid, w'a's: , -obtained 
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Tlie decomposition of the ester by alkali in aqueous solution, was 
found ’ to proceed on the same lines : the change is not a direct 
hydrolysis, as commonly stated in the literature, and may be re- 
presented thus: 

(1) EtO-CO-NHo + NaOH HoO + EtO-C(ONa):NH 

NaOCN + EtOH. 

(2) Na 0 CN-f 2 H 20 =IsraHC 03 +NH 3 . 

The following results were obtained when urethane and sodium 
hydroxide (both in iV/ 5 -solution) were heated at 100*^: 


Tim© 

in minutes. 
5 
15 
30 
60 
90 , 


Urethane Sodium Sodium 

decomposed, cyanate formed, carbonate formed, 
per cent. per cent. per cent. 

50-9 32-9 18-0 

62-5 37'25 25*25 

63.95 29*70 34*25 

66*80 28*80 38*0 

71*0 17*0 54*0 


At 15°, after three days, 18 per cent, of urethane was decom- 
posed, with the formation of 5*5 per cent, of sodium cyanate and 
12 '5 per cent, of sodium carbonate. The change was therefore 
independent of dissociation of the ester (compare decomposition of 
urea, this vol., p. 88). 

When urethane was heated in a current of hydrogen chloride, it 
was decomposed, thus: 

Et0-C0-NH2-h,2HCl = C02 + EtCl + NH4CL ' 

This decomposition of urethane in two different directions may 
be represented thus : 

m presence of alkali 

Eto-co-NHj ■ Eto.c(oe):]srH. 

(basic form) in presence of acid (acidic form) 

Since urea is formed from the hydrolysis of cyanic acid, thus, 
2HCNO -f- HoO ^'CONgH^ + CO3 , ' 

(this vol., p, 95), it is necessary to reach the temperature of the 
dissociation of urethane in solution in order to obtain urea from 
it ; thus, when the ester was heated in aqueous solution in a sealed 
tube for two hours at 130°, 5*94 per cent, of the theoretical yield 
of 'urea was obtained; after six -.hours,- the yield, was 16’62. per 'ce,nt.' 
(Expts. II and III). ' Whilst'^ the presence of ammonia: would 
'obviously promote the chang.e, the- -origin of urea in this , synthesis'' 
is -clearly' revealed/ by these,-- results, -and is properly - repres'ented". 
thus: -\,\ - 

EfcOH-' 

-* hnoo HN:c<g«.. 
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A comparative study of the formation of urethane and aiiimoiiia 
from the interaction of urea and ethyl alcohol (a. change which is 
also regarded from a false point of view) has brought to light 
evidence , in support of the above explanations ; thus, when a 
5A-aicoholic solution of urea was heated for two hours at 150°, 
41-66 per cent, of the theoretical yield of urethane was formed, as 
against 33* S per cent, yield of urea from the interaction of urethane 
and ammonia under similar conditions (Expts. V and VI). 

The greater facility with which urea dissociates explains The 
higher result in the former case, which otherwise appears abnormal, 
since the formation of an amide from an ester and ammonia takes 
place with ease, as compared with the reverse reaction. 

Urea is a relatively stable substance., and if it has the 'carb- 
amide’ constitution, the question may he asked why it is not 
formed from ethyl carbonate, (or carbamate) with the same ease as 
undoubted diamides are formed from esters and ammonia; for ex- 
ample, no urea was produced after urethane had remhined in con- 
tact with a considerable excess of ammonia solution for ten months 
at the ordinary temperature. 

It lias been generally accepted as an axiom that the system 
!!C( 0 H )2 cannot form part of a stable molecule; the author now 
ventures to maintain that the evidence all round is no less con- 
vincing as regards tbe system :C(NH 2 ) 2 , and herein lies the true 
answer to the question Just stated. Urea, thiourea, and guanidine 
are the only known stable substances that have been assumed to 
contain this system, and in the case of thiourea it is well known 
that when the thiocafbamic esters HoN-CS'OEt and H^N'CS'SEt 
respectively are heated with ammonia in alcoholic solution, 
ammonium thiocyanate , is formed. Since the reaction is effected ' 
below the temperature at which this salt dissociates (a necessary 
preliminary for the formation of the isomeride), no thiourea is 
produced, a fact for which no explanation can be offered when the 
erroneous 'thiocarbamide structure is assumed. 4 

As regards guanidine (free base),, its constitution has yet to bo 
proved, - (compare Krall, T.,„ 1915,. 107, 1398)..', 

Ex''p ER-I MENTAL. 

, The ..results, of the decomposition of urethane by sodium ' hydr- 
oxide imaqueous' solution were obtained' as follows. A mixture of' 
■0'89^gram ofmrethane, 10 c.c. of .A-sodium hyd.roxide, and ^'O-c.c. 
of distilled water,' was heated 'to; the 'boiling point u,nder reflux for 
the;, stated ^ perio^^ 'the ' solution had,' Been ..rapidly ' .cooled, 
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tile carbonate ' was precipitated by barium nitrate and barium 
hydroxide; the filtrate, after careful neutralisation with dilute 
nitric acid^ was precipitated with 'i\^/ 10-silver nitrate, the excess 
of which was titrated by Yolhard's method. Each experiment was 
made in duplicate. 

The results were calculated on the basis : 

0*89 Gram of urethane — ^ BaCO3“20 c.c. Y-HCl. 

NaOCN = 100 c.c. i'/lO-AgNO^. 

Example . — After one hour, BaCO^ precipitated required for 
neutralisation 7*6 c.c. Y-HGl, —38*0 per cent, of the tlieoretical ; 
NaOCN formed required for precipitation 28*8 c.c. Y./lO-AgNOs, 
= 28*8 per cent, of the theoretical. 


Deconipositio/i of Urethane by Hydrochloric Acid. 

Ex pi. I. — Twenty grams of urethaiie were heated to 150 — 160"'^ 
ill a distillation flask, while hydrogen chloride was passed through 
the liquid; after a short time crystals began to separate, and the 
heating was maintained for half an hour. The gas which was 
evolved (1) burned with a green flame (ethyl chloride), and (2) 
gave a copious precipitate with excess of barium hydroxide solution 
(carbon dioxide). The product was treated with ether to remove 
all unchanged urethane, and the residue, which was readily and 
coiiipietely soluble in cold water, contained 01 = 66*24 (NHiCi 
requires €1 = 66*35 per cent.), and gave no reaction for cyanuric 
acid. , , 

The evolved gUvS, wlieii collected over warm water, was reduced 
to almost half its volume after treatment with , sod iiiin hydroxide, 
and the residual gas burnt more freely than before with a green 
flame. The decoiiipositioii ' was therefore in accordance with the^ 
equation given. 

■ : .'Formation of Urea when tvith ' 

'Ex'pt, //,— '2*5 'Grams of. urethane; and 7' 5 c.c. of waters were, 
heated in a, sealed tube for two hours'- at, 13G*^. After ,; evaporation 
;of .,the ;solution,.to - dryness,- at, 100*^,.; the residue , w-as ' extracted with 
ether,, whe-n there, remained 0*05 , gram,., which was , proved t-o. he 
urea' by the urease. ..test -, and other reactions, 

Ex'pU ,7//.— As'. 'before, but. .the- heating. Was '.maintained ipr."..'six 
'.hours., -, ■' .-of'' . the ; ■ ,.fi'iial ,’.;Tesi.du'e ---gave:, . when.;: decomposed, '■ ,'„.,fey. 
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alkaline sodium li 3 ^pobromite, 24 ’23 c.c. N|> at .T.F.^ equal to 
0*14 gram of urea, or 16’ 62 per cent, of the theoretical. Urea 
nitrate was readily prepared for identification from the remainder. 


Format ion of EtJujl Allophanate from Urethane. 

E-rpf. IT . — A solution of 5 grams of urethane in 20 c.c. of 
alcohol was heated in a sealed tube for three hours at 150'^. After 
evaporation of the alcohol, the residue was extracted with ether, 
and the insoluble product (0'065 gram) crystallised from hot water 
in colourless needles melting at 19 1“^, which was the melting point 
of a specimen of ethyl allophanate used for comparison. When 
heated with barium hydroxide solution, a copious precipitate of 
barium carbonato was formed after a few nioments, a reaction 
characteristic of the ester. Whilst the yield was small, the result 
proves that dissociation of urethane must have taken place. 


Q'umititative Oomparisan of (pi) Interaction of Urea and Alcohol^ 
(b) Interaction of Urethane and Anwionki. 

Expt. A solution of 3 grams of urea in 10 c.c. of alcohol 
(urea = 5 A) was heated., in a sealed tube for two hours at 150*^; 
from the product, after evaporation of the alcohol and extraction 
with ether, 1*75 grams of urea were recovered, whilst 1*85 grams 
of urethane were obtained from the ethereal extract. As 3 grams 
of urea are equivalent to 4*45 grams of urethane, the yield of the 
latter was 41 *6 per cent, of the theoretical. 

E.rpt, 'Tl. — A solution of 4*45 grains of urethane in ID c.c. of 
alcohol (urethane — 5 A) which contained 0*85 gram of , amnion ia 
was 'lieated a« in the. last- exp€.riment. One gram of. urea, was 
'.'obtained after ' extraction of ■ the residue with ether, 'Hence the 
yi.eld was,,eq'uai to 33*3 per cent, of the theoretical.' " 

A determination of the vapour density of urethane by V. Meyer’s 
.nietho-d . at: 2.02*8'*^ gave ■ the following result: '0*0763 gram gave 
21 ’2 c.c. at.l4''5'^ a.iid 741*45 'mm. (corrected), 'whence,, V.D, ='43*22. 
lienee there - was . no dissociation under 'this' co'iKlition. 

Summaru* 

" (i) Urethane' is "not directly hydrolysed. 'when' heated with -sodium 
hydroxide' in -aci'iiecms solution,, as- commo'nly stated; alkali .cyaiiate 
is fi^;d---fo^n^''ed, alld^theI^.,, -hydrolysed. 
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(2) The formation of ' urea when urethane (or ethyl carbonate) 
is heated in solution with ammonia is solely dependent on the 
dissociation of urethane, and is- no more than a re-petitioii of 
Wohler's synthesis' in a modified form. 

■ (3) A comparison of the reaction with the formation of urethane 
from urea and alcohol supplies evidence which is opposed to the 
' carbamide ' formula. 

(4) Attention is directed to a, rational inference from the facts, 
namely, that the- system *C(NH 2)2 cannot form part of a stable 
molecule. 

The author desires to express his thanks to Miss M. Coade, 
B.Sc., for her assistance in conducting part of the experimental 
work. 

Univebsity Chemical Laboratory, 

Trinity College, Dublin. [Received, June IStk, 1918 .] 


LIII . — The Ahnormality of Strong Electrolytes, Part 
IL The Electrical Conductivity of ' Non-aqueous^ 
Solutions. . : , ,, 

By Tnanenbra Chanbea Ghosh. 

In a previous paper it has been shown that in aqueous solutions' 
of strong electrolytes, the increase in molecular conductivity with 
dilution can be accounted for quantitatively on the basis of the 
following simple assumptions: , 

(a) Only ions exist in solution, the force of attraction between 
oppositely charged ions being' governed ' by d'he'law' of. inverse 
.squares. 

(5) In solutions of binary electrolytes, the arrangement of ions 
■is analogous . to the ' marshalling '■ of. 'atoms .In, ' a, simple cubic crystal,', 
whilst , that ''of "the .ions in solutions of 'ternary electrolytes 'corre-'" 
"s'ponds with the fluorspar lattice. 

(c) The oppositely charged ions of a molecule form electrically 
saturated neutral doublets. ■ .'. ■' ■: 

(<£l) It has been shown that, on the above hypothesis, the work 
.H'ocessary to; ' separate the , constituent "ions .of .a gram-mole'Ciile' 
univalent binary electrolytes to an infinite distance, 

■■■."' A ''"'o 

volt., 
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where # is Avogadro's number, E the charge on an ion, D the 
dielectric constant, of the solvent, and F the molecular dilution. 
For a ternary electrolyte lihe barium chloride, 

^ __ 3iYS2.2.^2¥ 

D, JI/ijT 

(e) From MaxwelFs equation of the distribution of velocities, 
it can be easily proved that the number of free ions in a solution 
containing a gram-molecule 

= TIN . 6 ~ n.RT‘> 


where n is the number of ions into which a molecule dissociates. 

(/) Since molecular conductivity is proportional to the number 
of free ions, and since = 0 at infinite dilution, 


h. 

/^CC 


n,N. e'nRT 


nN 


£_ 

a nRf' 


In this 'paper it will be shown that the above equation, which 
gives very good results in the case of aqueous solutions, can be 
applied with equal success to non-aqueous solutions of strong 
electrolytes. 

The organic ionising solvents have been arranged by Walden in 
the following order: (1) alcohols, (2) aldehydes, (3) acids, (4) acid 
anhydrides, (5) acid chlorides, (6) esters, (7) acid amides and 
amines, (8) nitriles, (9) thiocyanates, (10) thiocarbimides, (11) nitro- 
compounds, (12) dimethylnitrosoamine, (13) ketones, (14) (spmhloro- 
hydrin {Zeitsch. fhysihal. Ghem,^ 1906, 54, 130). This system of 
classification will be adhered to in the following pages. 


1- Alcohols* 

{&) M. ethyl Alcohol* — One. of the most , trustworthy ' investiga- 
tions, on the conductivity , of electrolytes in methyl-alcoholic solu- 
tions is that of Carrara {Gazzetta^ 1896, .26, i, 119). ■ The observed 
values ,^ of jip in'' tables I and II- are taken from his work. The 
dielectric' constant of 'methyl alcohol" at- 20° is' '32*5.. At 25° it is 
.'Somewhat less; in the calculations, ■ D .'has been taken as equal to 
,.'31. The . solutes in tables I and 11, are all binary electrolytes, 
,and ,|*,;^ is' obtained from any particular value of yv by applying 
"the equation 

. . . . . ( 1 ) 

: D.VF ■ 

This particular' value' of /ioc ^ afterwards utilised. to- ■, calculate,' 
the molecular conductivity at other ''"dilutions. It - will be - Been- 
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from tables I and II that the agreement between the calculated 
and observed values of is very good, both in the case of the 
binary salts and the acids. 

Carrara (loc. cit,) haS' also determined the. molecular conduc- 
tivities of strontium iodide in methyl alcohol at various dilutions. 
Here we expect the equation for ternary electrolytes : 


D, J3, 


SBTloge^^- 


to hold good. Table III shows how well the calculated values 
agree with those observed. 


Table I. 

Solvent: Methyl alcohol. T = 25° 
jitcc calc. 


Solute. 

from itiias 


f = 

32. 

64. 

128. 

256. 

512. 

i. 

Nal 

.. 94-0 

/ 


caie. 

68-9 

73-5 

77*3 

80*5 

S3-0 


1 


obs. 

68-8 

73-1 

77*3 

79*9 

82*2 


NaBr . . 

.. 91-8 

f 

/Id 

caie. 

67-3 

71-8 

75*5 

78*6 

8M 


i 

f^v 

obs. 

65*8 

71*0 

75*5 

79*9 

82*8 

3. 

. mcl . 

.. 90*4 

r 

Mi. 

calc. 

— 

70*6 

‘ 74*3 

77*4 

79*8 


\ 


obs. 

— 

69*6 

74*3 

78*1 

81*8 

4. 

.KI 

.. 102*8 

{ 

M« 

calc. 

75*3 

80*3 

84*5 

88*0 

90*8 


Mi' 

obs. 

73*8 

79*5 

84*5 

88*5 

91*0 


Table II. 



Solvent : 

Methyl 

alcohol. 

T = 

25^., ' 


Solute. 

/Xoc ' calc, from 

V ~ 

18*9 


37*7. 

150*9. 

„ HCL., 

-157*0 

f caie. 
i obs. 

108*4 

106*4 


117*0 

].:17*0 

130*4 

128'*0, 




6*7. 


:26*8. 

107*4. 

HBr...' 

fiac calc, from ' 

. ,e*8- 142*0 •, 

/ iJLv calc, 
i jttD obs. 

84*0 

88*0 


101*9 

101*9 

115*0 

,113*1 



V — 



71-4.' 

245*7, 

HI 

' ' fAor oalc. from 
M7I*4 - 1S'2*2, 

( pp calc. 
\ pv obs. 

104*4' 

104*6 


120*0' 

120*0, 

130-0 

13,0*5 



Table ni. 





,,, Solvent: 

Methyl 

alcohol. 

T = 

■25"*^,',,',^ 


Solute. 

"calc.,' from' . 

„ <17 ^ . 

-•■64.' 

1,28., 

' „;25'6. '''^ 

5,12,'' 

,, Brls,,.. 

,m'i» =». 200*4;"','^ . 

\ pn obs. 

114*6 128*6 

;:':115*'3-' .. '• 128*6 

'"141*0 ' 

" ^'1'51'*2'' 

153*5':', 
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Tile most complete investigation in the field of iion-aqneoiis 
solutions is that of Walden on solutions of tetraethylaiimioiiiiiiii 
iodide in various solvents. It is natural to expect that tetraethyl™ 
ammonium iodide would dissociate according to the following equa- 
tion' : 

Except in the case of aldehydes, the variation of equivalent con- 
ductivity with dilution calculated from the equation for binary 
electrolytes (1) does not agree with the observed values. If, how- 
ever, w© assume that tetraethylammonium iodide at first undergoes 
polymerisation and then the double molecule [NEt^Ijg, dissociates 
as a ternary electrolyte according to the equation : 

[NEt^I] 2 =: 2 NEV-hl 2 ^ 

the calculated values of equivalent conductivities agi-ee extremely 
well with the observed ones. Indeed, a cursory examination of 
the data on the variation of equivalent conductivity with dilution 
will at once lead to the conviction that the electrolytic dissociation 
of potassium iodide and tetraethylammonium iodide is not of the 
same type. If it were so, the variation of Xv (equivalent conduc- 
tivity) with dilution would have been of the same order. As a 
matter of fact, whilst for potassium iodide varies from 80*3 to 
84'5 as the dilution increases from 64 to 128, the value for tetra- 
ethylammonium iodide increases by 8 units from 83*1 to 911 for 
the same change in dilution. Iodine has a great tendency to form, 
complex ions. We ^re already acquainted with I/, I 5 '' ions, etc. 
It is therefor© not at ail unreasonable to assume that in tetra- 
ethylaiiinionium iodide solutions ■ .there exists a com,plex iodine ion 
of the type I^'^h Again, the consenstis of npinion amoug* electro- 
chemists' is 'generally in , favotir . of ' complex molecules in non- 
aqueous, .solutions. The exact .'.coincidence between the .observed 
'■a'lid'.. calculated values of equivalent 'conductivity for'; tetraethyl- 
animonium, iodide solutions, as shown 'in table' IV',. leaves '.iiO' room 
. for : doubt as, to, the mod© of ' dissociation^'.of this' .salt in 'inetliyh 
alcoholic solution. Of course,' the 'above ''equation is e.qiially applic- 
■ablelf the,' salt 'dissociate's, thus: 

.' [NEt4l]o-[NEtJ,** + 2Ih 
Table IV. 

Solvent: Methyl altjohol. T=26^. 

calc. , 

' Solute.' , ifom. ' 


64. 127. 256. 512, 1024 

83-1 91-1 97.7 104-0 108-9 

82-1 91-1 9S-0 103-6 108-6 
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III the above table is tbe equivalent dilution, 

(b) Bthyl Alcohol and Propyl Alcohol , — The dielectric constant 
of ethyl alcohol at 20^^ is .21*7. -(Walden, loc. cit.). In table Y 
the observed values of molecular conductivity are taken from the 
work of Jones and Lindsay {Amer. Chem. 1902, 28, 341) (loc, 
dt,). 

The conductivity of sodium iodide in propyl alcohol has been 
determined by Sclilamp (Zeitscli. physikal. Ghem.^ 1894, 14, 280). 
The dielectric constant of propyl alcohol, according to Rudolph, 
is 13-8. 

Table Y. 

Solvent: Ethyl alcohol. T = 25‘^. 

^toc calc, (equation 1) 


Solute, 

from 

V == 

64. 

128. 

256. 

512. 

KI. 


(* jiiy caic. 

\ /xv obs. 

31*6 

29*6 

33*9 

33*0 

36*0 

36*0 

38*5 

38*5 



Table YI. 





Solvent : 

Propyl alcohol. 

T = 25®. 




calc, (equation 1) 





feoiiite. 

from 

V ~ 

19*8. 

55*4. 

166-3. 

500. 

Nal. 

||‘^166*3 ~ 176'0 

{ iJ.„ calc. 

79*0 

99*5 

118*7 

i35'0 

\ obs. 

77*0 

97*1 

liS*7 

138*0 


2. Aldehydes. 

Acetaldehyde^ PropaMehyde, and Furf%(.raldeh/yde,--~-T\m dielec- 
tric constant of acetaldehyde is 21*2, according to Walden, and 
18*6 according to Thwing. It is quite probable that the great 
reactivity of the solvent and its tendency towards polinerisation 
will completely prevent the formation of complexes in the solute. 
It. is therefore to be expected that here at least, tetraethyl- 
ammonium iodide will dissociate normally as a binary electrolyte. 
The dielectric constant of propaldehyde is 14, whilst that of 
fiirfiiraldehyde is 39*4.' 


, , , Solvent: 

jtioc' 1) 

Solute. . ■ ' Irom 


Table YII. 
Acetaldehyde. T = 0^. 


V ==« 100 . 

/ calc. 124*0 

t ofos. 122*0 


1000. 

I51-0' 

151*0' 


■ 4000 .^ 

160*0 

IBM 
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Table YIII. 



Solvent : 

Propaldehyde. 

T=:25'=. 




fiar calc, (eq'uation 1) 




700. 

Solute. 

from 

V — 

100. 

200. 

400. 

XEtJ. 

fhw. ^ t27-6 

f jttp calc. 
\ /tj, obs. 

81*0 

79*8 

89*0 

89*0 

95*8 

94*5 

101*8 

103*9 



Table 

IX. 





Solvent ; 

Furfur aldehyde . 

T = 25°. 




/.tor calc, (equation I) 





So'lute. 

from 

V “ 

200. 

400. 

800. 

1600. 

.ISTEtJ. 

,^400 ^ 47*8 

f fjLc calc, 

\ fXp obs. 

42*2 

41*6 

43*4 

43*4 

44*3 

45*0 

45*0 

45*8 


3. Amh , 
Table X. 


Solvent: Thioacetic acid. D~i7*3. 


Solute, 

NBtJ. 


A a- calc, (equation 2) 

from V' = 


\m = 52*5 


f Xj, calc. 
{ Xc obs. 


320. 

33*2 

32*7 


040. 1280. 

36*6 39*5 

36-6 40-2 


4. Acid Anhydrides, 

Tile dielectric constant of citraconic anhydride is 39. The agree- 
ment in this case is perfect. 


Table XI. 

Solvent : Citraconic ■ anhydride. T = 25^. 


X^r calc, (equation 2)' ' 

Solute. , from F''= 

X,,„ = 24.9 


100 . 200 . 

18*5 19*7 

18*5 19*7 


400. 

■20*7 

20*6 


'800. 

21*5 

2M 


5. Acid Uhlorides and Bromides. 


' In these solvents the agreement , between the observed and cal- 
culated 'Values' of equivalent conductivity is always within the 
limits, of exp'Orimental error, 'which is somewhat large. 


6. Esters. 

(aj Orffanic Esters . — -The . dielectric 'constant of ■ methyl cyano- 
"ficetate is 28, '.and that of 'the- ethyl ester .is 26..' .' 

(fi) mic [Ester -data on the e<|uival6iit eon-' 
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ductivities of solutions of tetraetiiylammomiim iodide in methyl 
sulphate^ ethyl sulphate, and triznethyl borate are the most trust- 
worthy. The dielectric constants are 46, 38, and ' 8 respectively. 
The agreement is always very good. 


Table XII. 



Solute : Tetraethylammonium iodide. 

T = 

25*=, 


Solvent. X 
Methyl 

cf, calc, (equation 2) 
from 

0 

0 

ii 

200. 

500. 

1000. 

2000, 

cyano- 


/ Xb calc. 20*4 

22*2 

24*2 

25*3 

26-4 

acetate. 

kfioo “ 30-S 

\ Xb obs. 20-3 

22-1 

24*2 

25*3 

26*1 

Ethyl Xo: 

. calc, (equation 2) 

fX^calc. 17*9 

19*7 

21*6 

22*8 

23-8 

cyano- 

aeetate 

from 

kfioo ^ 28T 

|Xb obs. 17*7 

19-6 

21*6 

22*8 

23*6 


Table XIII. 



Solvent : 

Methyl sulphate. 

T = ,25<= 




Xor calc, (equation 2) 





Solute. 

from 

y = 

200. 

400. 800. 

1600. 

3200. 

XEt^I. 

X,ioo= 44*3 

j Xb calc. 

36*1 

37*7 38*9 

39*9 

40*7 

\ Xb obs. 

35*5 

37*7 38*7 

39*6 

40*4 


Table XIV. 


Solvent: Ethyl sulphate. T=: 26 ^. 


Xoc calc, (equation 2) 
Solute, from 


X 400 ” 


F' = 

( Xb calc. 
\ Xb obs. 


200 . 

ai-0 

30-3 


400. 

33-5 

33-5 


800. 1600. 

34-9 ' 36-0 

35*6 ■ 36-7 


Table XY. 

Solvent: Trimethyl borate. T = 25'^. 

400 . , 800 . 

13*0 16 ' 7 : ■ ' 

13-0 16 - 6 ' ' 

1. Amides^ etc, 

, Among amides, formamide. is a, .solvent that most' resembles,,' 
water. . The inorganic' salts ■ dissolve in it quite as : readily '' .as' .in 
water, and, like the' latter, it^- has ' a high dielectric 'constant,' 
■namely, 84.,' ,■ : 

Pyridine Laszczynski . and,- '.Gorski have : deterfflined , ,the ■ cohduc-' 
tMty "O'f ■'potassi'um ,. iodide" :;in, 'pyridine solutions,'',:(^a,^«-cii,':'''.;^^ 


Solute. 

' HBt J, 


Aqc calc, (equation 2) 
from 


^400 


: 32*5 


V' = 
Ab calc. 
Ab obs. 


200 . 

10*2 

10-2 
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chern.^ 1897j 4, '290), wliiist Walden lias determined 'tlie equivalent 
eon dll ctivity of tetraetliylammonium iodide at various dilutions 
(EeitscI'K ph/^'dkal, 1906, 55, 334). Acording to ScMundt, 

the dielectric constant of pyridine is 12*4 (J. Physical Ghem.y 1901, 
5, 157, 503), 

Table XVI. 


Solvent : Formamide. T = 25° . 


A or calc, (equation 2) 

Solute, from F' = 

NEt,L A.,, == 29-0 I 


100 . 

25- 2 

26- 0 


200 . 

26-0 

26-0 


400. 

26-5 

26-6 


800. 

27-0 

27*2 


Table XVII. 

Solvent : Pyridine. T = 25°. 


Xaz' calc, (equation 2) 

Solute. from 

100. 

200. 

400. 

800. 

NEt,L A,„„ = 7i.o 

26-9 

32-9 

39-5 

43*7 

27-0 

33-0 

39-5 

46-0 

Aoc calc* (equation 2) 

from, - ■ p' = 

178-0 

i. 

357-0. 

714*0. 

K.I. A... = 50*0 ^ 

22-8 


26-9 

30-7 


22-0 


26-2 

30-.7 


’ ■ : ■ ■ 8.' Nitriles. 

Tlie nitriles are excellent ionisers, and their dielectric constants 
are 'high. Thus glycollonitrile has- a dielectric constant as high as 
68, whilst the dielectric constants of acetonitrile, propionitrile, and 
foenzonitrile are' ' 37, 27, and 26 respectively. 


Table XVIIL 

Solvent: Acetonitrile. T = 25°. 


: Aa; calc, {equa- 
' Solute.' tion 2} .from 

, X,al. 4, Amo -=199-3 


V' ^ 

{ Aj, calc. 
\ Ap obs. 


200 . 

155-0 

151-0 


500. 1000. 
165-9 172-3 
165*9 171-0 


2000. 4000., . 8000* 
177-4 182-0 185-4 
176-7 181-0 183-5 


Solute. 


Table XIX. 

Solvent : Propionitriie. T =? 25 ° . 


Ac^ ' - calc, (equation 2) ’ 

- from' ■■■■F' == 

' calc. 

obs,.' 


■ 64. ' 128. 256. 512. ' 1024. 

■102*6' 113-7' 123-5 131-6- 138-fi, 
TO2-0 113-7 ■-l23-‘-4 -'13L:5 '139-4 
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Table XX. • 

Solvent: Benzonitrile, T = 25®. 


Acc calc, (equation 2) 

Solute* from V' = 200. 

. / A,, calc. 39-0 


NEtX 


400. 800. 

42-0 44'5 

42-0 45-0 


1600 . 

46-6 

47*6 


Table XXI. 

Soh^ent : G-lycollonitrile . T = 2 5 ^ . 


calc, (equation 2) 

Solute. from V' = 

NEt,I. x,„„ = 79-5 { 


100 . 200 . 

67*0 69*4 

66-8 69*4 


800. 

73*0 

71*0 


Table XXII. 

Solvent : Acetonitrile. T = 25*^. 


f4oc calc, (equation 2) 

Solute. from , ■y = 100. 

n -€> wr* A f calc. 49'8 

CuBrg yaaoo = 73’9 \ obs. 48*6 


200 . 

54*0 

54-0 


400. 

57- 7 

58- () 


9, 10. Thiocyanates and Thiocarhimides , 

The calculated values of equivalent conductivity also agree well 
with Walden's data for these solvents., 

11, 12. Nit ro-com founds and '-BimethylMitrosomnine. 

The dielectric constants of nitromethane and dimethylnitroso* 
amine are 39 and 53*3 respectively. 


Table XXIIL 

Solvent; Nitromethane. T = 25^, 

Aqc cale. (equation 2) 

.'Solute. 'from. . , ■, ' '■■'100. . 200. . 400., 800.' 1600'. 

■NEt T ' '^ 107 . 0 , 'f'A^.ealc. '9,4-5 ,100-5 105*4 ■ 109*6. 113*0 ' 

Asoo _ l.,7 ^ [k Obs. 94-0 100-3 105-9 109-5 112-0 


Table XXIV. 

Solvent , Diinethylnitrosoamiiie. ■ , ■ "T ■= 25'^. 


' ■:Ao.'"oalc. .(0q'uation'2)'" 

Solute." ■"' ■ ...from' '■■ . '■' F^, ''''250. . ■ . 500.,', , ■■' 1000. ■2000. 

f a;,, ■■ calc. ■ ■'..■■■ 7,8-3 ■, ■ Sh2' ■■ ' ' ' 83-2",'' ' ; 

,"ebs. -■:■'. ,. .7'7:-5'' ,' ■ ■ 84-2 ■ ■ ■ ■'>■'■ ' mm " 


NBtd.,: 


92-0: „■: 
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■ 13, Ketones^ 

Til© dielectric constant of acetone is 21, and that of* acetylacetoiie 
is 22 at 25'^. 


Table XXV. 

Solvent: Acetone/ T = 25°, 
calc, (equation 1) 

Solute. from v = 256- 512* 1024. 

XT T irQ« I'm. calc. 127-0 13E-0 138-0 

Mol Msi 2 == 1^8*5 ^ 126-3 133-0 139-0 



1600. 

70*0 

08-7 


1 4 . Bpic’hlorohpdrm . 
Table XXVII. 



Solvent: cp^Chlorohydrin. 

T= 

25^. 

B = 26. 



Xof cale, (equation 2) 





Solute. 

from F', = 

100. 

200. 

400. 800. 

1600. 

NEtJ. 

X 65*7 I calc. 

- 05 7 q A,, obs. 

42*1 

46-0 

49-6 52-6 

55“ 1 

40-0 

45-0 

49-6 53-7 

56-8 


Conclusion, 

It 'Will be seen that equations 1 and 2 have been subjected to 'a 
very severe' test, and that their 'validity has been completely con- 
iirnied' by the mass of experimental data on the, conductivity of 
salt solutions, in some thirty solvents. 

The term degree of dissociation thus loses all significance in 
the case of, strong electrolytes. -'In his, first paper on the conduc- 
'tion,of' electricity by electrolytes, Arrheni'us {Bihang, der, Stoch- 
.feolOTcr. A&a€?.,".1883, , 8, Nos., 13,' 14) used the term ‘^activity 
'coeificient for the ratio jut’/pa: ^ indeed, a very suit- 

'able 'term, in view of the fact successfully demonstrated herey that 
.in ' salt .solutions , there ' are only free ■ and bound ions . Incidentally , 
there ,has also been, obtained a, valuable, method of determining 
the' mode " of dissociation ' of a solute in any solvent- Walden's' 
■norinal, electrolyte, ' tetraethylammonium iodide, really dissociates 
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abnormaily. it is^ however^ fclie peculiar cliaracterisfcic of thia 
solute tJiat tlie same type of dissociation persists in all tiie solvents. 
To tills property are due the many regularities that Walden 
observed in tetraethylammonium iodide solutions. Thus we have 
his empirical law that if solutions of one and the same normal 
electrolyte., tetraethylammonium iodide, in various solvents have 
the same degree of dissociation (activity coefficient), then for all 
solvents, the product of the dielectric constant, and the cube root 
of the dilution of that solution has always a constant value. Thus 

etc. = ^, where D, etc., are the dielectric con- 
stants of the solvents, and F, F^, etc., are the respective dilutions 
at which the activity-coefficient of tetraethylammonium iodide is 
the same. The theoretical significance of this general empirical 
law is at once brought out by equation 2. Since the mode of 
dissociation of the salt is always the same, the equation : 

SN. E^.2.^ = 

D. JZIIV ' 

is applicable to its solution in all solvents. For the same value of 
pu/ /i cc obviouS' that 

whatever be the nature of the solvent. 

It was rightly suggested by Nernst and Thomson that the dielec- 
tric constant is the fundamental property which determines the 
dissociating power of a solvent. Walden’s investigations proved 
conclusively that a direct parallelism exists between the dissociat- 
ing power' and the dielectric constants .of solvents. The idea, how- 
ever, never passed beyond the qualitative stage.- In this paper, 
in the author’s opinion, it has been proved beyond doubt that the 
exact quantitative relation between the activity-coefficient and the 
dielectric constant is given by equations 1 and 2:. 

■ Finally,, it should be pointed out that the fundamental problem 
to be solved in this connexion, is the: work necessary to separate, 
the constituent ions of a gram-molecule of a salt to an infinite 
dista,nce at a given dilution. The. assumption that the ions, of a 
binary electrolyte are arranged- according to "a simple cubic' lattice 
is .necessarily arbitrary, "although -if is the 'simplest possible view.- 
Some, other, views are possible, ..for example, w-e may have ' a,,; face- 
centred .cube lattice, , a "Cube-centredTattice, etc. . For ternary elec- 
trolytes good results have been obtained by a-ssuming^ an: arrange-' 
ment ' "Corresponding with a : fluorspar ; lattice. . . Here,' ..also,' it ' is . 
, possible ■ that an ion, . instead of : . occupying- the , centre:; of , a"', -cube, 
may' .be displaced diagonally towards .an oppositely charged ion or 
towar-ds''''an-':empty':-corner.-,:',,'.Bragg,-;has, actually observed such dis- 

C O* 2 
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placement in crystals of iron pyrites. It is tliexefor© not neces- 
sary tliat til© above rigid forms of equation should always be 
applicable. ' It ought to be always possible, however, to express 
the relation between the , activity-coefficient, the dilution, and the 
dielectric constant of the solvent by equations of the above type. 
The behaviour of acetone solutions of ammonium iodide is a case 
in point. Equation 2 does not hold good in this case. If, how- 
ever, we assume that the NH4* ions are displaced diagonally 
towards the oppositely charged l2^' ion by on e-fourth the length of 
the diagonal we get the following equation ; 


SN.E^AU2N _ 


SBTloge^ 

P-V 


which holds good exactly as' shown in table XXVIII. 


Table XXVIII. 
Solvent: Acetone. 


Solute. A a: calc, from 
NH4I, , Asia = 209 


F''= 128. ■ 256. 512. 1024. 2048. 

/A, calc. 69-0 ‘86-9 104-1 120‘2 135-0 

tA.obs. 67-5 85'5 104-1 120-8 136*0 


The above theory should not, therefore, b© rejected in those cases 
where equations 1 and 2 do not hold good. We should rather 
proceed in the reverse direction, that is, calculate the total poten- 
tial energy of the electrical doublets at a given dilution, from 
the observed value of the activity-coefficient at that dilution. An 
insight into the arrangement of ions in the interior of a solution 
will then be easily obtained, and the next problem will be to 
determine whether the equation based on this particular arrange^ 
ment holds good at other dilutions. Theory demands that such 
should' be the case, and, it fails if the ■ observed and the, calculated 
activity-coefficients :do not agree. In some cases, however, chemi- 
cal action may' interfere, .as 'in the - hydrolysis of 'salts, and these 
■should be regarded as abnorm-al.- ' ' 

■'...''Th©' fundamental ■ hypothesis 'that only ions exist in salt solu- 
tions, . 'requires' no elaborate - justification, in view of the fact coii- 
.clusively established' that .even in a salt crystal there is 11,0 such 
■'thi,ng as a. molecule. 


My, best thanks are .due to Prof. P. C/.B-ay, and to my fri'e,iid 
and: colleague, Mr. - J. -X. Miikherjee, 

' Ehtsico.-ohemI'Cal Labobatoby, 

' iT'HIVEBSlTYXbLLE'OE OF SniEXCE, 

' 'CAiiGiJTTA. : [Received^: Ootoher 2nd, ' 1M7,] ' ^ 
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LIV » — A New Synthesis of Tetrcq^henylpyrrole. 

By CxEBTRUDE Maud Robinson and Eobebt Robinson. 

In the course of an investigation having for its object the pre- 
paration of pyrrole, as' a starting point for tropine, by an improved 
method, our attention was naturally directed to known methods 
of producing the pyrrole nucleus, among w^hich E. Fischer's well- 
known synthesis of indole derivatives {Annalen^ 1886, 23§, 126) 
occupies a prominent position. A necessary preliminary, however, 
to an attempt to apply an analogous process to^ thei formation of 
true pyrroles seemed to be the formulation of a clear idea of the 
mechanism of the reactions involved in the decoinposition of phenyl- 
hydrazones, and w© have adopted a hypothesis which includes the 
following three stages: 

(1) The transformation of the hydrazone into- an unsaturated 
hydrazine, which is the isomeric change of an enimic into an 
enamic modihcation (compare J. F. Thorpe, P., 1909, 26, 309). 
This is assumed to occur by the addition of the acid reagent and 
decompositioii of the additive product. 

(2) The benzidine-type rearrangement of the resulting hydrazine; 

(3) Ring-formation by elimination of ammonium salt from the 
product, analogous to the formation of piperidine from the hydro- 
clilorid© of pentamethylenediamine. 

These changes are represented- below in the ease of the synthesis 
of 2~inethylindole from the phenylhydrazone of acetone. 

CH 

I ] X ^ 1 i 1 ! Hm© 

nh,C1 . 

■ rViiH. 

NH 

; — — _ — ^ — ^ 

' ' Her---. 

■It ' will: at, once he 'recognised that, the conditions necessary lor 
the 'reaction,', namely, 'an' acid- reagent '.and an eleva,ted temperature,: 
are'' those , which W'ouid'.he, expected: to,.' favour, each, of:', the -above, 
stages, if-, consider'ed separately,: and' in' accordance w,ith .experience of 
' ' .molecular-' " ,transf ormations due ' to'. the ,. 'interventibn ; ' of '..an acidic . 

, -reagent it is noted that each stage is more basic than the last 
". until, finally, th^ ba.si 0 character is^ neutralised by the accident of 
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the fonmation of a ring of benzenoid cbaracter.* Tims a hydrazine 
is more basic than a hydrazone, and the hypothetical diamino- 
componnd should be more basic still. 

It seems probable that there is analo-gy between the enimic to 
eiiamic transformation and the ketone to enol changej and that 
the former would be likely to occur more easily in the cases of the 
hydrazones of those^ ketones which are readily changed to^ enols or 
enoiic derivatives. The aldehydes and ketones, which are readily 
changed to' enols, might therefore be expected to give^ phenyl- 
hydrazones readily convertible to indole derivatives if our hypo- 
thesis can be upheld. This is in accordance with experimental 
results, as the following examples show. Semmler {Ber.^ 1909, 
42, 584) found that phenylacetaidehyde was converted into the 
acetate of the enoiic modification by boiling with acetic anhydride, 
whereas ■ acetophenone shows no such behaviour. .Now Fischer and 
Schmitt (5er., 1888, 21, 1072) showed that phenylacetaidehyde- 
phenylhydrazone was extremely easily transformed to phenylindole, 
and even by boiling with an alcoholic solution containing one-fifth 
of a molecular proportion of hydrochloric acid. On the other 
hand, acetophenonephenylhydrazone required heating with zinc 
chloride at 180^ (Fischer, Zoc. cit.y p. 133). A similar comparison 
may be made between the cyclic ketones, such as ^jy^jZohexanone and 
corresponding open-chain' ketones. ■ The former are well known to 
be more reactive than the latter in reactions which are assumed 
to depend on the enoiic modification of the substances, and again 
the phenylhydrazones of the cyclic ketones are more readily trans- 
formed into indole derivatives than is the case with the phenyl- 
hydrazones of such ketones as diethyl ketone (compare Baeyer, 
AmriMefiy 1893, 278, 106; Plancher, Gazzeita^ 1898, 28, ii, 387 ; 
Mannich, B&r.y 1906, 39, 1594). In general, indoles appear to be 
readily produced ' from the phenylhydrazones of aldehydes and 
ketones which contain a negative group, particularly when, this 
is in the jS-position with respect to the carbonyl group. 

It is, interesting that ISTef {Ammlmy 1891, 266, 71) observed the 
production , ,of an ' indole derivative by dissolving ethyl jS -phenyl- 
hydrazinocrotonate , in concentrated sulphuric acid. This con- 
'densation "product of 'phenylhydrazine' a,nd ethyl acetoacetate has 

, ■ The complete, cyclic conjugation, , 'which is probably the most character - 

istic feature o'f systems recogiiised"as' benzenoid, demands in the case of pyiToie 
a call on the latent, valencies of ’the 'nitrogen atom. In pyridine, however, 
'the latent valencies. remain unaltered.' It is possible, therefore, that a salt of 
pyridine retains its aromatic nucleus, 'whereaa.a salt of pyrrol© cannot, do so. 
Further, the , latent" valencies' in' pyrrole having been weakened, ,the 
p'telimmary".c3issoeiation,mecessary'before'salt-foi’mation can take place" is less.' 
Ekely to 'occur.',' , 
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undoubtedly tiie unsaturated hydrazine structure^ since it may be 
oxidised by mercuric oxide to an azo-compound previously obtained 
by Bender (Ber., 1887, 26, 2747), but under most conditions of 
condensation it merely loses alcohol with the formation of phenyl- 
methylpyrazolone . 

In the second phase of the reaction, an ortho-benzidine-type re- 
arrangement has been assumed, and this may be realised in the 
case of certain naphthalene derivatives. Thus Nietzki and 0-oli 
(Ber.y 1885, 18, 3252) obtained the isomeric dianiiiiodinaphthyls, 
naphthidine and dinaphthyline, by the action of stannous chloride 
and hydrochloric acid on a-azonaphthalene, and, further, obtained 
a dinaphthacarbazole by boiling dinaphthyline with concentrated 
hydrochloric acid.^ Vesely (Ber.j 1905, 38, 136) determined the 
constitution of the dinaphthacarbazole by an independent synthesis, 
so that the following changes are established : 


/\ 




\/ \/ 






■\/ 


\/ \/ 


HOI 


The similar formation of a dinaphthacarbazole from j8-hydrazo- 
naphthalene has been described by Meisenheimer and Witte (Jcr., 
1903, 36, 4161), and in these reactions we may perceive precise 
analogies to the second and the third stages of the synthesis of 
indoles from phenylhydrazones as postulated above. 

Attention may also be directed to an interesting paper by Japp 
and Maitland (T,, 1903, 83, 267), who obtained carbazoles by heat- 
ing phenols, such as jS-naphthol, with arylhydrazines and their 
salts. These authors thought it probable that the phenol reacted 
in its tautomeric keto-modiiication with the production of a 
hydrazone, but even' if this is the case,' we are of the opinion that, 
the next stage would be conversion to the hydrazine, bringing this 
part of the process into line -.with the- formation of naplithylamine 
from, naphthol by the ' action- of . ammonia, followed by reactions 
entirely ' similar to -those involved in' the two examples from the 
naphthalene series which ■ are quoted - above. The - formation -■ of 'a 
small quantity - of ■ as-1 : 2-dinaphthazine was' , observed . by - J app , ' and 
Maitland 'on heating j8-naphthol ■ with-' 0-naphthylhydrazine and its- 
hydrochloride.. This -could, be. explained' as the result - of a semidine 
transformation- of ' ^-hydrazonaphthalene lollowed by; oxidation 1-,' 

'■■ The'' AppHcation'; of "the '''foregoing.; to" the 'question-;: of the possi- 
bility' of' 'syn'th:osis 'of' pyn-ole'deriyafci'ves'by corresponding method 
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seeii'ied to be that diviiiylliydrazine and its derivatives should be 
convertible by acids into pyrrole and substituted pyrroles „ Con- 
tinuing this line of argument and reasoning from the first stage 
assumed above, it. appeared not improbable that aziiies of sub- 
stances containing, the group •CHg'CO* might also, under correct 
conditions, be transformed into pyrroles. In this case, the initial 
tautomeric change is a double one and only likely to occur with 
facility in the molecules of azines of those ketones or aldehydes 
which show a marked tendency to change to related eiiols. To 
test our hypothesis, we chose what was regarded as one of the njore 
favourable cases, namely, that of the azine of deoxybenzoin, and 
found that the action of dry hydrogen chloride on this substance 
at 180 ® converted it in almost a quantitative manner into the 
expected tetraphenylpyrrole and ammonium chloride. The reac- 
tions involved are represented below, in accordance with the views 
already discussed. 

PhCN-HICpPh ' PhC»KH-NH-CPh PbC-NHs HH^-CPh ' 
PhOHg GHsPh PhCH ^ ■ HGPh ■ ■ PhG ~^ — — Bph ' ' 

NH " 

/\ 

PhC CPh 

— ^ ^ ^ ^ ^ 

HCl 

The scope of the reaction has not yet been defined, but in the 
case of the simpler aliphatic azines there is the competing trans- 
formation to pyrazolines, and we have been unable to obtain 
pyrrole from acetaldazine or dimethylpyrrole from dimethyl 
, ketazine. The above eKplanation - assumes what us, perhaps a some- 
what wider view of the benzidine transformation than is generally 
.held, ■ and i.ii ' this ' connexion we have' found the theory of^ partial 
' ".dissociations, "serviceable. ' 

' , The iollowing brief 'statement expresses', the form in' which this 
',a'nd related reactions may be generalised., ;Ii,i a, molecular complex 
, ^ 01* or both represent atoms capable of assuming 

■ a higher valency by , salt-formation.,' ■ The salt absorbs energy and 

passes, into an 'activated condition,^ represented by 4 — b c—D 

" *' The activated' molecules are said to be, ‘partially dissociated’ because 
'.tbe , phenomenon appears to be a stage ' towards complete ionic dissociation, 
.'but the physical basis of, the, process '.is not quite clear. It may be that the 
.'energy 'change 'causes th.e movement of an electron from one atom to another 
. (polarisation of the molecule), or a mere change in the position, of on.e or more, 
electrons within' the sphere of the', atom, itself.. In 'this case. 'the ' evidence 
shows that the,chang'e,'is , repeated in ."the same sens,© in 'alternate atoms 
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oiiiitfciiig the acid for reasons of convenience-. If the partial 
valencies become conjugated with unsatiirated groups in A or D, 
we obtain 

i— J c— D A—b 0~i) ■ 


Ring-formation by the partial valencies followed by a second similar 
complete process leads in the first case to h — A — c — D and in the 
second to h — A — D — c. The products are obtained in the keto-, 
emmicj or j^/wh/^ejJo-modifications, according as the atoms h or c are 
O'xygen, nitrogen, or sulphur. The less extensive change is represented 
by the seniidine transformation, the conversion of phenylhv'drazine 
into p-pheiiylenediaioine, of phenylnitroamine into nitroaniline, 
and by many other reactions. The full change resulting from, con- 
jugation of the partial valencies with both unsaturated groups 
A. and B is represented by the benzidine rearrangement, and it is 
obvious that even within the four corners of the general scheme 
the nature of the products may be considerably varied according 
as the conjugated chains in x4 and B are long or short. The type 
of rearrangenieiit assumed to occur in the synthesis of indole deriv- 
atives is represented below, and the thickened lines stand for a 
normal valency plus a partial valency. 


-CH 


CH- 


NR NH— 0- 

Partial dissociation* 


-CH ■ 

! I 

-C—NH NH— C- 

Conjugation and ring formation, 

■ ...1 


-CH- 


~CH» 


AJ=NH 

Enimie form, 
\ 


\ 


-CH-- 


OH- 


-C=:NH NHrrC- 

■ Edirther dissociation and conjugation. 


-C~ 


ii ■■■ ii' 

Enamic form. 


forming 'part, of a conjugated "chain' and, in the "opposite, sense in thenther 
atoms, of the chain. ' Several further - suggestions'' might' foe made^ ' especially, 
that a part ,use,'may be mad©: of 'th© field surrounding a sing!©' .©,l6cfcroEU 
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Experimental. 

Preparation of Azines. 

'The processes described in the literature for the preparation , of 
azineSj and especially the ketazines, are far from coiiveiiieiat, and 
the employments of free bydrazine does not, in our experience, give 
such good results as that of a hydrazine salt and sodium acetate. 
The ketaziiies are readily obtained by the interaction of the calcu- 
lated amounts of ketone and hydrazine sulphate in boiling aqueous 
alcohol in the presence of excess of sodium acetate. The yields 
correspond closely with those demanded by theory. 

Phenyl benzyl ketazine was prepared by boiling a mixture of 
deoxybenzoin (6*3 grams), hydrazine sulphate ; (2*2 grams), sodium 
acetate (7 grains), %vater (60 c.c.), and alcohol (125 c.c.y during 
two hourS' under reflux.. The product was collected and crystal- 
lised from ethyl acetate, and then melted at 1,64^,' as stated by 
Curtins and Bliimer (J, pr. Chem,, 1895, [ii], 52, 137). This 
azine is quickly and completely hydrolysed by heating for a minute 
with alcohol and hydrochloric acid, and on the addition of water 
pure deoxybenzoin is precipitated. In view of the sparing solu- 
bility of the derivative, it may advantageously be employed for the 
otherwise rather troublesome purification of crude deoxybenzoin. 

Tetraphenylpyrrole. 

■ Evidence of the formation of tetrapheiiylpyrrole was obtained 
when phenyl benzyl ketazine . was heated with zinc chloride, but 
the yield is much improved when 'dry hydrogen chloride is' passed 
over the melted substance contained in a vessel heated at 180^ in 
an oil-bath. The reaction, was prolonged during an hour, and the 
solid ^.product wms found to consist of a mixture of ammonium 
chloride .and; the pyrrole derivative. -The mass was ' extracted with 
sufficient hot acetic acid, and the crystals which separated on cool- 
iiig were .collected .and 'washed with a little water tO' remove traces 
'Of 'ammonium salt.' The yield of, 'crude, dry tetraphenylpyrrole 
amoimted,„to 88 per .'cent, of the theoretical. ' The substance was 
recrystallised several times' from acetic acid, and obtained in colour- 
less, flat needles'.melting at 214—215^. 'A specimen was prepared 
.according to., Garrett’s method (Ber., 1888, 21, 3107), and found 
to'melt 'at;214— -215°, ..and a, mixture; of, the two .also melted at the 
.sa,m.e temperature. ' 

The yellow /solution in sulphuric .acid ■ becomes ivy -green on the" 
.add.itiqn,;.of a.trace qf a nitrite"' or of a -drop of nitric ' acid. ■''■"'In the',' 
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latter case, liowever, the liquid soon becomes brown, and on the 
addition of water a yellow nitro-derivative is precipitated. Acet- 
aldazine and dimethyl ketazine w'ere submitted to the action of 
dry hydrogen chloride, sulphaniiic acid, and a number of other 
acid reagents and salts, such as zinc chloride, under varied concli™ 
tioiis, but in all cases no^ pyrrole derivative was obtained, the only 
products being the corresponding pyrazoles and pyrazolines. 

The formation of benzidine from hydrazobenzene has been dis- 
cussed above, and a theory which has been occasionally advocated 
regards the transformation as passing through the intermediate 
stage of p-amiiiocliphenylamine. The method of preparation of 
this substance indicates its stability under conditions which favour 
the transformation of hydrazobenzene into benzidine, but to be 
more sure we prepared the compound by the usual process and 
endeavoixred to convert it into benzidine, but without success.' It 
was entirely unaffected by boiling with dilute or concentrated 
hydrochloric acid. 0'9 Gram of aminodiphenylamine was boiled 
during thirty minutes with 15 c.c. of concentrated hydrochloric 
acid; O’ 82 gram of unaltered substance melting, after crystallisa- 
tion from light petroleum, at 66 — 67^ was recovered. 

IJNiVERSiTy OF Liverpool. [Eeceimd, July 1918.]',. 


LV. — Nitro-derivatives of GimiaeoL 

By Fanny Pollecoff and Robert Robinson. 

The opinion has been expressed (Jones and Robinson, T., 1917, 
111, 906^') that negative groups in the meta-position with respect 

* In.' tMs paper the melting point of . G-bromoacetoveratrylamide was 
wrongly given omng to a clerical error {loc, dt,, p. 913). Tbe melting point 
of this substance ' is 127°. In the same communicaticHft 6-nitroacetoveratryh 
amide , melting at 199° and S-nitroveratrylamme melting at 175° .were'; 
described,' .Simonsen and Ran (this voL, p. 28) 'prepared .the same substances ' 
and assigned .to them the respective melting points 196° .and' ',171°.'' ' ' A 
redetermination , of, the melting. po.ints ."of - 'the specimens wiiich, had', been,' 
preserved, gave, 199° for ,the" 'acetyl, derivative,' .whilst d-nitroveratrylamme 
melted, at 174* 6°. The latter crystallises both in .needles and in prisms. ' ' 'It 
.is' possible that the discrepancy , is due to ' the fact' .that Jones and 'Rofemson' 
nitrated, 'acetoveratrylamide' in ae’etic acid .solution? ■ whilst -, SimonEen, .and'' 
Rau" employed , -more -concentrated nitric' ''acid ,,{I)„'l-4,). Sim,onsen and- Rau 
(fo'C. c#.) ' experienced difficulty in^ preparing'' veratrylamine unmixed ■ wit'h„'its 
chl'Oro -'derivative by the reduction of nitroveratrol© with tin' and hydrochloric' 
„aeid»:'but w©r©,'''fin^y',''able to: bbtam',:^’a„'60 'pef ..cent.' yield "by reducing at 100° 
..with .tin, and hydro'C'hlor'ic.',,acid''‘';''.m.’',presene©','.';of'.' graphite.'. 'found,."' that, an 
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to a- positive gro'Up exert an influence whicli is in tlie direction of 
favouring ortho-substikition with respect tO' the positive orientator. 
An example: was found in the bromination of 5 -nitroguaiacol (I), 
which yielded 6-brO'ino-5'nit-roguaiacol (II) ? and we have now in- 
vestigated the nitratioB' of the same substance, and find that the 
Tiiain product is 5 : 6-diiiitroguaiacol (III), mixed, however, with 
110 inconsiderable proportion of 4 : 5-dinitroguaiacol (IV). 


ho/Nno„ 

Br 

ho/Nno„ 

NO, 

ho/Nno. 

MeOl^P 

MeOl^P 

i 

MeOi^P 

(I-) 

(11.) 


(in). 

ho/NnOo 

ho/N 

|N02 

NOj 

ho/\no. 

MeOl^pNO" 

MeO' p 


MeOl^p 


NO, 

NO, 

(IV.) 

(V.) 


(VI.) 


It was obviously interesting to extend the inquiry to the nitra- 
tion of 3 : 5-dmitrogiiaiacol (Y), in which there are two negative 
groups ill the meta-position with respect to the phenolic hydroxyl. 
The desired substance was obtained by the nitration of guaiacol 
carbonate, which was changed first to a dinitro-derivative, the 
carbonate of 5-iiitroguaiacol, and- then to a tetranitro-derivative, 
which on hydrolysis yielded the new 3 : 5-diiiitroguaiacoL 
.As was anticipated, the nitration of the latter resulted in 
3:5: 6-trinitroguaiacoI (YI) as the sole product. ‘The necessary 
, proofs of constitution are obtained .from- the observations that the 
dinitroguaiacol from the tetranitro-derivative of guaiacol carbonate 
yields. 4 6-dinitroveratrole on methylation, and that the methyl, 

: ether of the triiiitrogiiaiacol is a -new trinitroveratrol© , melting ' at 
■ The melting points of the known nitrogiiaiacols ■ are.tabu- 
■lated ■ below, , in order to bring, out- the striking divergences which 
exist:' 

'' 4-Mitrogiiaiacol, 101-— 1 OS®* 

Ij-Nitroguaiacol, 105®' 

'■ 6-NitrogiaaiacoI, 62°. 

exeelleut yield' could be obtained by. shaking 'the nitroveratrole with, tin, 
■stannous chloride, hydrochloric acid, and some acetic acid in the cold until the 
reaction was. complete. ' The- amine was', usually isolated as the acetyl ■ deriv- 
''ative. by \ eliminating the tin by the addition of zinc, and after rendering' 
'strongly alkaline with sodium hydroxide the solution was agitat^ed, with' acetic 
anhydride... ■' The .crystalline 'precipitate of acetoveratrylamicle was , collected.' 
'Further', quantities, could be obtained' by extrao'tion of ; the alkaline solution" 
with ether.;',,',:;',', .■ ' * 
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3“Nitroguaiacol is uiiknowii. 

3 s S-Dinitroguaiaeols 80®. 

3:5s 6-Trimtroguaiacol, ^29° (deeomp.) 3:4:5-, 4:5: 6-, and 3:4: 6- 
trinitroguaiacols are unknown. 

4 : B-Dinitroguaiacol, 124®. 

4 : ■S-Binitrogua-iacol, 172®. 

5 1 0-DiiiitroguaiacoI, 205 — 208° (deeomp.). 

3: 6- and 3 : 4-Dinitroguaiacols are unknown. 

3:5: B-Trinitroveratrole (YII) is clianged by aqueous metliyl- 
alcobolic amiuonia into 3 : 5-dmitro-2 : B-diaminoanisole (VIII), and 
by naetkyl-alcobolic sodium hydroxide into 4 : B-dinitro-l : 2 :3-tri- 
metboxy benzene (IX). The nitro-group displaced by ammonia is 
therefore that which is also displaceable by methoxyl, and in this 
respect the substance differs from the isomeric 3 :4 ‘.S-trinitro* 
veratrole, in which the nitro-group in position 4 is- affected by 
ammonia, whilst that in position 5 is displaced by methoxyl when 
the trinitroveratrole is heated with a solution containing sodium 


methojdd©. 

NH, 

MeO 

Meo/NNO. 


MeO/\NO, 



MeOy^ 

Yo, 


Yo^ 

(VII. 

(vm.) 

(IX.) 


Experimental. 

Pre'jMratmn of 4:-NitToguaiacol. 

Cardwell and Robinson (T., 1915, 107,;255) prepared this sub- 
stance by th© hydrolysis of nitroveratrole by means of boiling 
aqueous methyl-alcoholic potassium hydroxide, hut tlm yield was 
not quite satisfactory, and a certain amount of neutrah material 
was recovered. ' It is now found that ‘this consists partly of 'azoxy- 
veratrole (compare G. M.. Robinson, T., 1917, 111, 1:09), : and, that 
if the methyl alcohol is omitte-d, the hydrolysis, 'although, slow, 
proceeds practically €|uanti:tativ©ly.' ■, The-, modified .process eo.n- 
sti'tutes by far th© most convenient method av-ailab!e for,, the pre-, 
paratio,n of 4-nitroguaiacol. . Nitroveratrole' ' (5 .grams) was ' boiled, 
■during thirty-six 'hours with; a 10 per, cent., aqueous solution ".(iOO, 
grams) of ■ potassium 'hydroxide -under refi-ux, and, on .cooling,- the. 
potassium salt' of ■ 'the ' nitroguaiacol -'crystallised in ", gold'-en-orange 
'n.eedle's. ' - Sufficient water-, to- dissolve '"the ©alt was -ad.ded, ,and',-,-',oii''' 
the '■ addition ' of,' - hydrochloric ncid, Amitroguaiacol was-' precipitated,,- 
in the crystalline condition, and was collected and dried in the air. 
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Nitration oj 4 :~N itroguaia^col and its Acetyl Derivative , 

4-Nitrogiiaiacol was dissolved in nitric acid (D 1'42), wlieii 
immediate reaction ensued, and, on the addition of water, a mass 
of needle-shaped crystals of 4 : 6-dmitroguaiacoI was precipitated. 
The substance melted at 123® after crystallisation from alcohol, and 
gave a methyl ether melting after crystallisation at 101 — 102®. 
The yield ' closely approximated to that demanded by theory. 
4~Nitroguaiacyl acetate is not affected by cold nitric acid (D 1*42), 
and although it is attacked by the fuming acid (D 1*5), the experi- 
ineiit is rather imsatisfactoiy, owing to the considerable loss which 
occurs through oxidation. The acetyl derivative was dissolved in 
ten times its weight of nitric acid (D 1*5), and the mixture cooled 
ill running water at 15® during fifteen minutes. The product was 
poured into water, when the oil soon solidified, and after collec- 
tion, washing, and drying, weighed approximately half as much as 
the material employed. Bepeated crystallisations from methyl 
alcohol resulted in the isolation of ' unchanged 4-nitroguaiacyl 
acetate, hut, after hydrolysing the acetyl derivatives contained in 
the mother liquors by the addition of dilute aqueous potassium 
hydroxide and gently heating the solution, a precipitate of 
4 : S-dinitroguaiacoI (see below) was obtained on acidification. 
When the nitration was carried out during only two minutes, much 
imchanged material was recovered, and the methyl-alcoholic mother 
liquors were in this case treated with potassium hydroxide and 
methyl sulphate in large excess; the resulting methyl ethers on 
repeated crystallisation from methyl alcohol yielded pure 3:4-di- 
nitroveratrole melting at 91®. The nitration of 4-nitroguaiacyl 
acetate, therefore, results in 'the production of the compounds 


MeO/NlfO^ 

AcO's^^ 


and 


Meo/NNO., 

AcOl Ino;’ 

\/ 


in .undetermmed proportions, and the loss, on continued nitration 
appears to he due to the destruction of the ' first ' of these by 
oxidation*' ■ , , 


5~Witro-2--methoxy phenyl Carbonate, 

N02/bo~co— o/Nno, 
l^pOMe MeOi^p • 

'.Guaiaeol, carbonate (10 grains) was, finely powdered and, added 
in on© portion , to, ni.tric acid ■ (100, .c.c.., D 1 * 42), ■ mechanically ' stirred, 
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and cooled to 0^, These conditions were maintained during three 
hours; water was then added, and the nearly colourless product 
collected and well washed with water. The yield is excellent and 
the material sufficiently pure for further experiments, especially if 
it he extracted with a little warm alcohol. The substance crystal- 
lises from, methyl alcohol in colourless needles melting at 133^, and 
nioclerately sparingly soluble in the usual solvents : 

0-1663. gave 0'2999 COo and 0-0510 HoO. C = 49-2; 

C55H12O9N2 requires C = 49’5; H — 3*3 per cent. 

The substance yields 5-nitroguaiacol on hydrolysis, and is a con- 
venient source of the latter. The carbonate (4 grams) was heated 
on the steam-bath with a solution of sodium hydroxide' (3 grams) 
in water (60 c.c.) until a clear solution was obtained on dilution 
with water. On acidification with hydrochloric acid, pure o-nitro- 
giiaiacol was obtained in needles. 

3 : Carhonatej 

No/No— CO — o/Nno„ 

i^lOMe MeOl^^ ", 

NOj, JSOj 

The foregoing carbonate of 5-nitroguaiacol (3 grams) was dis- 
solved in nitric acid (20 c.c., D 1*5), and the solution allowed to 
remain at the ordinary temperature during four hours. A certain 
proportion of the tetranitro-derivative separated , in needles and 
the remainder was precipitated on the addition of water. . The 
yield was almost that demanded by theory. The substance 
separated from benzene Tn short, colourless needles melting at 148°: 

0*2113 gave 0-3050 CO2 and 0*0403 HgO. C = 39-4; H = 2*l. ' , 
Ci 5H3 _,oOjl 3N4 requires 0=39*6; H = 2*2 per cent. 

This compound is readily soluble- in ethyl acetate, sparingly so in 
ether or alcohol, and moderately so in benzene. ' There was no 
evidence of the foimation of ' isomeric nitro-derivatives in the two- 
stages of the nitration of guaiacol carbonate. 

Z:^-Dimtrogvmaeol(^). 

- The carbonate (20 grams) described in -the' last -section was heated - 
on , the " steam -bath with, sodium .'carbonate ■ (50 c.c.' of,,' saturated,;' 
aqueous,-' solution), water (10.0,. ' c.c.), '-and 'alcohol (30; c-o.) ,until'" a,'; 
homogeneous,'- solution resulted.’ ., After.- cooling, the,:,nitrophenol was,' ', 
■precipitated 'hy ■ the ■ ad-ditiqn -,o-f.', 'hydrochloric acid, ;'coll'ected,- washed;' "' 
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witii water^ and dried (18*5 grams). Tlie substance was readily 
soluble in alcoliol or etiiyl acetate, more sparingly so in benzene, 
eHoroforin, or carbon disulphide. It was crystallised from toluene 
and then from carbon disulphide, and obtained in pale yellow 
needles melting at 80°: 

0*2948 gaye 0-4203 CO^ and 0*0699 H^O. C = 39*0; H=:2-6. 

C 5 .H,gOgN 2 requires G = 39*2; H = 2'S per cent. 

This dinitroguaiacol dissolves readily in aqueous sodium carbonate 
to a yellow solution,' and the sodium' salt is obtained in glistening, 
orange needles by the addition of sodium hydroxide. Not contain- 
ing a nitro-groiip in the ortho- or para-position ■ with respect tO' the 
hydroxyl group, this substance may be comparatively readily 
methylated in alcoholic solution by means of methyl sulphate and 
potassium' hydroxide, but even in this case it was found more con- 
ve'nient to employ the' xylene-methyl sulphate-sodium carbonate 
method. The methyl ether was identihed with 3:5-(ar 4:6-)- 
dinitroveratrole, melting after crystallisation from alcohol at 102°. 

5 (III). 

5-Nitroguaiacor(15 grams)- in acetic acid (50 c.c.) was nitrated 
by the addition of nitric acid (20 c.c., D 1*42), diluted with acetic 
acid (10 c.c.) with constant stirring, and cooling in running water. 
The first half of the acid mixture was added during five minutes 
and the second portion during one minute. Water was then added 
immediately, and the product collected, washed, and dried (14-7 
grams). This was dissolved in' hot ethyl acetate (65 c.c.), and, on 
cooling, 4*8 -grams of well-defined yellow prisms were deposited. 
The 'mother liquor was mixed with 'an equal -volume -of be'nzene, 
and -this induced no further separation, but, on the additio'ii of 
'; 100 C.C. of light petroleum, ■2-5 grams -gradually crystallised. This 
/material was' a mixture, and -by further treatment with ethyl acetate 
a,iid, light petroleum ultim.'ately .yielded- 2 ‘2 grams of the yellow 
prisma. A .further 0*1 gram was obtained from .the motliei* liquors 
"after 'separation of the 4.:5-isomerid© .(see below), so that the tota'l 
', yield 'was' '7*1 -grams. The substance so isolated^ was practically pure 
5,:6-dinitroguaiacol, an-d it was crystallised, first from ethyl acetate 
and then -again from ■ toluene, ' and .obtained in pale yellow prisms 
which' became orange . 'at' about 200° and began to melt at 205°, 
■with ' vigorous decomposition . near "'208° : ■ . 

^ ■t}l:071 gave'' .0.1 5.47 COg and 0*0280' C = 39-4-; :H=:.2*9. '. ■■ 

: ■ ..CyHgOeNg req'uir'es- €==39;2pH=2*8 per .cent. ' ■ .. 

, ^;This :sub.stance'.-.is':more, sparingly 'Soluble 'in most organic ''scdveBts', 
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than any ol the isomerides wliicli we have examined. It dissolves 
ill aqueo'iis sodium carbonate'., and, on the addition of concentrated 
sodium hydroxide, an orange salt is precipitated in shining needles. 

The acetyl derivative is obtained by heating the nitrophenol with 
acetic anhydride, and crystallises from alcohol, in w'hich it is soiiie- 
wiiat sparingly soluble in the cold, in slender, pointed, colourless 
needles melting at 124 — 125^. 

The methyl ether is identical with 3 : 4-dinitroveratrole, and was 
prepared by iiiethylation with methyl sulphate and sodium 
carbonate in boiling xylene solution. The residue from the removal 
of the solvent in a current of steam was collected and crystallised 
many times from methyl alcohol, and obtained in flat needles melt- 
ing at 91° : 

0-1158 gave 0*1784 CO^ and 0*0383 H^O. C = 42*0; H = 3*7. 

CgHgOeNg requires 0=42*1; H = 3'5 per cent. 

Jones and Robinson (T., 1917, 111, 911) obtained a product 
melting at 96°, with previous softening, by the nitration of S-nitro- 
veratrole, and this was shown to contain 3 : 4-diiiitroveratrole, 
because, after reduction and condensation with phenanthraqiiinoiie, 
1 : 2 -dimethoxyphenaiithraphena 2 me (Pisovschi, Ber,, 1910, 43, 
2137); was obtained. It .was pointed out at the time that the pro- 
duct was obviously impure, and it now appears that it must have 
contained 4 : 5-diiiitroveratrole, owing to the presence of 4-nitro- 
veratrole in the 3 -nitro veratrole, which was the starting point, and 
we have therefore repeated the experiment with carefully purified 
3-nitroveratrole, and have obtained a product melting at 91° and 
identical with that described above. 


l-Hydroxy-%mMhaxypkenaiii}^^^^^ 


HO H 

H ■ 


\ 



5 ■: 6-Diiiitroguaiacol was reduced by- the addition of: zinc ''dust in': 
excess to' its solution in ..aqueous'- alcoholic 'hydrochloric acid, ,and' 
the filtered', vsolution, mixed with :sodium:' acetate*, was' then 'heated - 
with phenaiithraquinone, dissolved in hot aqueous sodium 'hydrogen.' 
sulphite. ; The precipitated. phenazine -derivative .was collected and 
w.ash6d with alcohol, .after, which .'.it.' was' .crystallised from acetic' 
acid, .:and "'ag.ain^ by ' a'd'ding '''akDhol:.!.tO'' its'';s.olutioET nitrobenzene. 
It wa's . ' .'Obtained'; in:''' glistening.,;;^ j'Ueedles melting at 

224°, and dissolving in sulphuric .-acid' to a rose-red solution ; " * 
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0*0961 gave 0*2715 COo and 0*0418 HgO. C = 77''5; H = 4*7. 

OoiHiANg requires C = 77*3; H = 4*3 per cent. 

In alcoliolic suspension, tlie substance was converted by sodium 
liydroxide into a dull mauve-red sodium salt, wbicb reacted very 
readily with metbyl sulpliate witb tbe production of 1 ; 2-dimetb- 
oxypbenantbrapbenazine (Pisovscbi, loc, cit.)^ melting after crystal- 
lisation from alcobol at 175^, Tbe curious ' colour of this sodium, 
derivative appeared to be characteristic of tbe substance, and 
persists in tbe microscopic threads wbicb separate from hot alcoholic 
solutions of tbe compound. 

4:\^-Dimt7'ogiLaiacol (IV). 

Tbe ethyl ' acetate-benzene-Iigbt petroleum mother liquor from 
the crystallisation of 5 : 6-dinitroguaiacol in ■ tbe preparation 
described above (starting witb 15 grams of 5-nitroguaiacol) was 
sbaben witb dilute sodium' hydroxide, and tbe separated aqueous 
solution acidified with hydrochloric acid. Tbe recovered nitro- 
pbenois were collected and found to consist cMefiy of 4 : 5-dinitro- 
guaiacoL The material was crystallised from a litre of boiling 
water, and obta,ined in long, yellow needles, and then again from 
toluene. Tbe aqueous mother liquor ■ ■was rendered alkaline and 
used to wash the toluene mother liquors, after wbicb tbe solution 
was acidified and extracted wdtb ether. Tbe residue, after evapora- 
tion, was submitted to treatment witb ethyl acetate, and, as already 
stated, , some 5 : 6-dmitroguaiacol was isolated. Altogether, 5*7 
grams of the 4 :5-isoiiieride were obtained’. The substance crystal- 
lised indong, pale yellow needles melting, when quite pure, at 172®, 
but many crystallisations are necessary .in order to reach this value, 
and apparently pure material melted at 163—165®. The purest 
specimen was obtained by crystallisation from wa’ter followed by 
recrystallisation from .alcohol and from xylene,: 

0*1439 gave 0-2045 CO^ and O’CSSOH^O. 0=38*8; H = 2*8. 

C7H60gN3 requires 0=39*2; 11 = 2*8 'per cent. 

Tbe mePifl derivative crystallises from metbyl alcobol in colour- 
,!ess, prismatic . needles wbicb sinter at' 114®, and melt at 123 — 124®. 
.It is sparingly soluble in cold metbyl .alcobol. 

Tbe methyl .obtained in tbe usual way,, was identified with 
4 : 5-dinitroveratrole.. 

%Hydro^y--%~methomyyhenmithraphenmme was. ' obtained from 
'4:5-dimtrO'guaiacol ' in tbe manner ' described' above for,tbe,,,pre- 
'paration ' , of ■ an ...analogous; substance -from 5 6-dimtroguaiacoL 'Tt. 
^crystallised: best,' .f rom .. . carbon ,' disulpbid'e:.',i'n silky, yellow," threads' 
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melting at 239 — 240^, and dissolving in snlpliurio acid to a ricli 
magenta solution* 


3:5: ^-Trinitroguaiacol (VI) . 

It was not found practicable further to nitrate 4 : 6-^ 5 : 6-, or 4 : 5- 
dinitroguaiacol, but the 3 : 5-isoineride was readily converted into 
a trinitroguaiacol. 3 : 5-Diiiitroguaiacol (40 grams) was dissolved 
in nitric acid (200 c.c., I) 1*42), and any rise of temperature was 
checked by cooling in running water. After half an hour, a certain 
amount of the product had crystallised from the solution, and 
water (300 c.c.) was added and as much salt as would dissolve in 
the solution. The precipitate was collected, washed with a little 
brine, and then with the minimum of dilute hydrochloric acid, and 
dried in the air (38 grams). The substance crystallised from 
benzene in needles containing solvent of crystallisation, and from 
chloroform in yellow prisms, which melt at 129° with vigorous 
decomposition, and evolution of much gas at a slightly higher 
temperature. This decomposition is not accompanied by charring, 
and is apparently a smooth process resulting in definite products. 
When the substance was heated' quite gently in a test-tube, there' 
was a mild explosion and the production of relatively much hydro- 
cyanic acid was observed. In combustions, a low result was always 
obtained for carbon, but the composition of the substance is fixed 
by other experiments, which are described below. The substance 
dissolves in water to an intensely yellow solution resembling in 
appearance a solution of potassium chromate, and on the addition 
of hydrochloric acid the colour changes to that of a dilute solution 
of picric acid, and the substance crystallises in prisms. Silk and 
wool are dyed from aqueous solutions, the former in greenish- 
yellow and the latter in orange-yellow shades. The trinitroguaiacol 
also resembles picric acid in forming sparingly soluble salts with 
bases, and it may be employed as an alkaloidal precipitant. 

Attempts were made to compare its molecular weight with that' 
of picric acid by titration of both' nitrophenols with a solution of' 
a basic dye, with which each ■, compound ' forms a sufficiently: 
, sparingly soluble salt. After - a. number of , trials, it was . , found ■ that ,' 
Rh'Odamine 6G gave satisfactory ' 'results. , The method ' was /the' 
following. '^ The nitrophenol solution ' was mixed ; with salt and": 
solution'* of Rhodamine' 60- containing approximately '1 gram 'in 
500 ' c.c. of water gradually' added ' With constant stirring 'to,, e'iisur© 
formation '.of the ■ additive, product-: and' in 'order , tO' avoid premature 
.salting '.out of the dye.' ' When the .supernatant liquid 'appeared:, to ' 

, * ,B 'waa'TOU'©06ssary to.'^'certiain'’:th© exact "Strength of the solutiam 
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have a slight fluorescence, the end-point was near, but not reached 
until a filtered portion of the solution had a faint pink colour. 
The reason for this is that when the concentration of iiitrophenol 
is low, the; rhodamine salt appears to he Just sufficiently soluble to 
exhibit fluorescence in solution. It was found best toi make a 
rough experiment first, and do repeat it in order to obtain the exact 
.result : 

0*2386 Gram of joicric acid dissolved in water and made up to 
250 e.c. 

25 c.c. with 20 grains of salt required 56*2 c.c. of Rhodamine 6G 
solution. 

0*2255 Gram of trinitroguaiacol dissolved in water and made up 
to, 250 c.c. 

25 c.a with 20 grams ofi salt required 59*9 c.c. of Rhodamine 6G 
.solution. ■ 

Whence, assuming equivalence of picric acid and trinitroguaiacol, 
ill regard to rhodamine base, M.W. = 258. 

C.HsOsKs requires M.W . = 259 . 

F'l/riSme Salt .- — ^This highly characteristic derivative separates in 
slender,“» .canary-yellow needles when ■ a drop of pyridine is added to 
a ■dilute aqueous solution 'of trinitroguaiacol. It crystallises from 
methyl alcohol in long, yello-w needles melting at 194 — 195*^ when 
quickly heated, but if , slowly . heated, the melting point may be 
found as low as 180*^, or more usually in the neighbourhood of 
185^. This' behaviour is due to the decomposition which accom- 
panies the melting, and is apparently slow at 180°. As the, sub- 
stance .is very readily prepared and purified, it was used to' prove 
that 3 : 5 : 6-triiiitrogiiaiacol is the only . product of the nitration of 
■3 :,5-diiiitrogiiaiacoI, and in this case the specimens were always 
compared by siinultaiieous heating ■: 

., 0*2257 ga.ve 0*3549 COo and 0*0561 0=42*9; H = 2*8., 

CyHsOg^CsH^N requires C~42*8 ; H ='3'0 per cent. 

This derivative was isolated’ from the mother liquo.rs from the*. 

■ ciystallisation, of 3 :5 : 6-trinitroguaiacol, and also from the original 
riitrie acid solution, from which the crude .product was separated. 
It was useful as a ’means ’.of '"isolating the trinitroguaiacol' from,,' 
.aqueous, solution,, and could be employed, directly for the prepara- 
tion of the' trinitroveratrole ■.’described 'hdow,.' ' 

■,.' ”3 :5 ’': %-Tnnitroveratrole '’■(YII). 

Tlus ether ^was readily obta^ by the .methylation of trinitro- 
guaiacol or its pyridine salt by means of methyl sulphate and 
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sodium carbonate in boiling xylene solution. Care was taken to 
ensure reaction between the phenol and sodiimi carbonate before 
raising the mixture to the boiling point, since, although the sodium 
salt is comparatively stable, the fi*ee trinitroguaiacol undergoes 
decomposition in boiling xylene solution. AlsO', hot aqueous sodiiuii 
carbonate has some action on the trinitroveratrole, and the xylene 
solution is accordingly poured away from the excess of sodium 
carbonate after the reaction, and then submitted to distillation in 
a current of steam. The pale brown powder which remains in tlie 
flask when the solvent has been removed is collected and crystal- 
lised from acetic acid, and then from alcohol. The substance is 
obtained in very pale yellow needles melting at 174°, and sparingly 
soluble ill alcohol, acetic acid, or chloroform, but readily so in ethyl 
acetate or acetone. The solution in the latter solvent is yellow, and 
becomes orange on the addition of a drop of aiiinioiiia : 

0-1317 gave 0-1710 COo and 0-0335 H.O. € = 35-4; H = 2-8. 

CgHyOgNs requires C = 35-l; H = 2'6 per cent. 

The substance is sensitive to alkalis, and is decomposed slowly 
by cold aqueous sodium hydroxide and by boiling aqueous sodium 
carbonate. It reacts with primary and secondary bases with 
elimination of a nitro-group, but the products were not closely 
examined. On boiling with a concentrated solution of sodium 
sulphite, the substance is attacked, and in this and other respects 
it exhibits greater reactivity than the isomeric 3 :4 :5-trihitrO“ 
veratrole. On the addition of salt to the resulting yellow solu- 
tion, a pale yellow substance separated in flat needles, and this 
material bad the properties that would be associated with tbe 
expected product, namely, mdiimi 3 : 5-dinitra 

ib-Dl/dtro-^ (VIII). 

This substance was readily prepared by . boiling :3 ;5 : 0-triiiitro- 
♦yeratrole witb an excess of methyl-alcoholic aqueous ammonia under, 
reflux for half an hour. The red product ■ crystallised from the hot 
solution, and, after cooling, -was' collected' 'and several times' crystal- 
lised fro.m ethyl acetate. ■ It 'is obtained in garnet .needles ' which 
soften,, at 225° and melt at’ ■237°, ■.'and" is' 'sparingly soluble in,' most' 
organic, solvents. In .'general .character.it resembles the iso.metide 
which is obtained, from' 3": 4, : 5-trimtroveratrole ; 

■,'0'‘098I' 'gave ^0*1331 00^ and, 0-03'19:H20. 0= 37*0 ;'H :=3T)." 

' ■ C 7 B[g 05 N 4 requir6'S"C = 36*8'y H = 3'5' per cent. ' 
,,,''„:,The,,s,ub,sta',iiceds"d'ev, 0 'id' o'f b'asictcharacter, and on boiling with 
dilute aqueous sodium hydroxide, ammonia is evolved and a corre- 
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spoHdiiig nitroplienol O'lbtaiiied. , On acidifying tlie solution, the 
latter is proicipitated in orange-yellow, flat needles. 

4 : 6-I)mit?'0-l : 2 : Z-i^nnetliowyh eri^^ene (IX). 

3:5: 6 -Trinitiweratrole. yielded a bright orange-red solution on 
the addition of powdered potassium hydroxide to its suspension in 
iiieth 3 rl alcohol, and, on boiling, the colour gradually faded, and 
finally a yellow solution was obtained. On the addition of water, 
an oil separated, and after a short time this crystallised and was 
collected. The aqueous solution was proved to contain a nitrite. 
The substance was readily soluble in most organic solvents, but 
sufficiently sparingly so in methyl alcohol for purposes of 
crystallisation. It was obtained in pale yellow needles melting 
at: 85°,: • '' 

' 0*1262 gave 0*1936 COo and' 0-0462 H 2 O. a=41*8,; H='4-L ' 
CqHjqO 7 X 3 requires C= 41-9; H = 3*9 per cent. 

The constitution of this compound follows from its conversion 
by heating during three days in a sealed tube at 100 ° with methyl- 
alcoholic ammonia into the dinitrodiaminoanisole described above, 
and confirmation is found in the observation that on reduction a 
diamine is produced which does not condense with phenanthra- 
quinone to a derivative of phenazine. 

'UmvEnsiTY or Livebpool. IReceived^ July 191 8. 'j 


LVL ' — The ,Propagatio7i of Flame through Tubes of 

Small Diameter. 

':,By 'William' Pavman and Bichard Vernon Wheeler. 

iT 'has been shown in a. previous communication (T., 1917, 111/ 
1044) that the speed of' the ‘^uniform movement of flam'e in a 
given ' mixture of methane and. air is 'dependent on the diameter 
of the; tube,' along which the fl,ame travels, ' being enhanced by the 
.action ' of convection; currents' in; tubes of large diani'eter and 
reduced by conduction of ' heat by the , wails in, tubes . of small ' 
diameter. 

,If ,, the , diameter of, the' tube 'is sufficiently .small,' the .“'uniform, 

, .movement ', - of flame does not develop, but' the flame ■ dies out after 
travelling a few centimetres. Still further . reduction ■ :in ' 'the'; 
diameter of the tube renders it impossible,: for 'the',, flam'e ''to-' spread.^ 
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any measurable distance from tbe point of ignition. TMs fact 
was discovered by Davy, and was the starting point of Ms. researches 
on the construction of a safe lamp for us© in coal mines, his observa- 
tion being: I found that in tubes of l/T-incli in diameter ex- 
plosive mixtures” — of firedamp and air — ‘‘could not be fired when 
they were opened in the atmosphere” (‘''Collected Works,” VoL 6, 

p. 11). 

Schloesing and de Mondesir (quoted by St. Claire Deville, 

" Legon sur la Dissociation/'’ p. 46) 'and Mallard and Le Chatelier 
(Ann. des 'Mmes^ 1883, [viii], 4, 319) experimented on this subject, 
and the last-named have placed on ■ record the speeds of fiam© in a 
mixture of methane and air containing 10*4 per cent, of methane, 
using tubes of glass of different diameters, as follow : 

Diameter of tube,, uxm 3*2 5>5 S*0 9*5 12-2 

Speed of flame, cm, per sec.... nil 22 39 41 47 

The methane used by Mallard and Le Chatelier was prepared 
from sodium acetate, and was impure; nevertheless, them observa- 
tion that flame would not propagate in glass tubes of 3*2 mni. 
internal diameter is in fair agreement with Davy’s statement (one- 
seventh of an inch is equal to 3*63 mm.). 

Following on his discovery that a tube of small diameter would 
not allow flame to pass through it, Davy experinientecl with other 
means of exposing a cooling surface to the flame, such as perforated 
plates and systems of concentric tubes, and finall}’^ produced his 
wire gauze safety-lamp. A history of the deveiopment of the 
miners’ flame lamp from Davy's original design would be out of 
place here, but it may be said that the retention of the wire gauze 
to protect the oil- or spirit-flame from inflammable mixtures of 
firedamp and air seems to have been regarded as essential by the 
majority of inventors. A few types, of lamps have been, constructed 
in which metal plates perforated with fine holes have been, used, 
but no systematic experiments’, seem to have, been recorded, on. the ! 
lines of Davy’s earlier experiments, -to determine under,, , what ■ con- 
ditions tubes or perforated plates can, be regarded as equivalent ' 
in safety to the gauze adopted, mainly for its convenience,, by , Davy. ,' 

In connexion w,ith work on the, 'construction of miners’ "safety-','.' 
lamps, we .have made a number of experiments on the speed of'' the 
uniform movement' during' the propagation.' .of flame' in' mixtures..' 
of methane, (firedamp) a'nd air "through; tubes of small diameter 
on' the passage of. flame through '.similar, 'tubes ..filled, with. 

* It sh-ould be .remembered tlmt .the ■uniform 'movement of .flame Is developed ' 
only ,wben,tb,e. inflammable mixture'.. is.' contained 'in'.'a Aube closed at. on© end 
and, open at tb© Qtber,' ignition :b.eing. effected 'at ,or near tbe open end 
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of Tiietliane and air and open at both ends ; and on the passage or 
projection of flame through short tubes of small diameter. 

The first series of experiments — on the uniform moveiiieiit of 
flame^ — serves to demonstrate the increased cooling effect of the 
wails of the tube as its diameter is decreased^ and may be regarded 
as an extension of the wmrk already referred to (loc. p. 1050), 
The main results are showni in the table on p. 659 ; the numbers 
within brackets record distances, in cm., travelled by the flames 
before they became extinguished; the other numbers record the 
speeds of the flames in cm. per second, propagation taking place 
throughout the lengths of the tubes; the 'word nil indicates that 
flame could not be seen to spread an appreciable distance from the 
secondary discharge spark used to cause ignition. Ignition was, 
in each instance, at a point 3 cm. from the open end of the tube ; 
the flame was allowed to travel 30 cm. from the point of ignition 
and its speed over a distance of 1 metre then measured ; the tubes 
were 3 metres in length. Each recorded result is the mean of 
three or four closely agreeing determinations. 

There are several points of interest in this table. The apparent 
limits of inflammability (horizontal propagation of flame) are 
narrowed as the diameter of the tube is decreased until with a 
tube 4*5 mm. in diameter only one of the mixtures tested (con- 
taining 9*95 per cent, of methane) would propagate flame. 

No attempt was made to determine for each tube the exact 
limiting percentages of methane required for propagation of flame, 
but the table should supply fairly close approximations. Thus, 
the 'tube '5*6' mm, in diameter.'- would have as its lower limit mix- 
ture nne containing less than 8*5, but more , than 8*25 per cent., of 
methane, and as its higher limit mixture one containing in ore than 
10*5, but less than,' 10*65 per 'cent. Bearing in mind the fact that 
the exact' limiting inixtures were not obtained, it will be seen that' 
'the .speeds of 'the - flames tend towards, a constant valim off about 


35': cm. 'per sec. '.as 'the, limiting mixtures -are approached.' ' This 
' 'Speed can be regarded as the slowest at which continued propaga'- 
.tion -'of , 'flame in mixtures- of 'methane and air is, possible. ' ' " ' ' 

.-ylt follows that the 'higher .the .'coefficient of conductibility of the' 
material , of which tubes of. 'small diametex' " are inad'e', the ' narrower 
are the limits of inflammaMlity for a tube of given diameter and 
the larger is the diameter of tube capable 'of preventing the spread 
y flame in any mixture. Thus Davy {loc. cit.) found that 
metalhc tubes prevented explosion better than glass tubes” • 

^ given showing the relationship between the 

mixtuie and the diameter of the tube (of glass) along which the 
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flame travelled. This cur've is a .continuation of that shown in 
Fig. 4 in T., 1917, 111, 1053, and should be compared therewith. 

The Passage of Flame through Tubes O’Pen at Both Ends,— 
When a mixture of methane and air contained in a horizontal tube 
open at both ends is ignited near one end of the tube, flame begins 
to travel -with increasing' speed towards the other end/*' After a 
certain distance of travel, the flame vibrates backward and for- 


Fig 1, 



ward, ''and, in tubes of small diameter, becomes extinguished during 
any. particularly, rapid vibration." The distance travelled by' the 
flame before vibrations. beg'in.,depe.nds .on the length and diameter 
■of the tube and," on the' percentage of methane in the 'mixture,, 
being , greater the longer is the tube -and .th©' larger its diameter, 
and. 'less'' .the nearer the . percentage of, methane approaches . that 
■required to give ' the „faste'st speed -of 'flame (9 *.5 "to 10 , per cent.' of 
methane 'im air).' .' ,'■ 

IJnless '■,&©' 'Mxtiir© is.'.,a, ‘‘"limit 'when th© spee.d':.'Of,"'tha flam© 
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It thus results that a length of tube of diameter small enough 
to prevent the passage of flame in a mixture containing , say. 10 per 
cent, of metliaiie in air, may fail tO' do so when the mixture con- 
tains only, say, 7 per cent., despite the fact that the fiairie in the 
former mixture has the greater speed. For the reason that with 
the 10 per cent, mixture vibrations, engendered by the rapidity 
with which the flame begins to move, may cause self-extinction of 
the flame, whilst with the 7 per cent, mixture the flame may move 
comparatively slowly and undisturbed throughout its course. 

This fact' is iiliistrated in the series of experiments recorded in 
the table that follows. The tubes were of glass and were 100 cm, 
long ; 

Distances travelled by fiazne in 
tubes open at both ends, 

Fere8B.tage o£ methane i.ri 

mixture 10*0 8*5 7-5 

i'l'itemal diaaneter of tube. 

3*6 miTK nil. 'ml. nlL 

4-4 ,, 11*5 cm. 10 cm. 75 cm. 

6-4 „ 14 25 to 30 15 to 20 ' 

7*2 „ 20 to 25 throughout throughout. 

Experiments of a similar nature were made with tubes of brass. 
The brass tubes were used as connexions between two open glass 
tubes 2*5 cm. in diameter and 10 'em. long, as described in the 
experimental portion of this paper, and their lengths we're gradu- 
ally shortened until flame passed from one glass tube to the other, 
when a mixture of methane and air was ignited near the open end 
of one of them. Two series of experiments were made'; iii' one the 
propagation of flame was horizontal,- in the other from below 
upwards. The results can he tabulated as -shown on' p. 661. ' 

The lengths of brass tiib'e recorded' in this table represent relative 
distances ol travel of the flames, the actual distances travelled being 
from 1 to 1*5 cm. less in each "instance. The results for horizontal 
propagation of flame are shown graphically in Fig. 2, from which 
the greater precautions necessary to prevent the passage of' flame 
in ' mixtures co'iitainiiig the ’ lower percentage's of methane' ' i's 
apparent. 

' The conditions under which- an' inflammation of flredamp . takes 
place within a, miners' "Safety-lamp depend 'on the constructioii ' 'Of 
the lamp and on the manner in ■ which it' is manipulated. -'With 
some types - of lamps' (those receiving" their air-supply from,' 'below 
The wick), ' the conditions-: are '.-similar ■, to those obtaining in ".the, 
.-experiments ' just :„describe:d. - .-With others— and 'these .constitute .the 
majority .of types- — the .air-supply reaches 'the -wick, -from' above,'' so" 
'-'that .when .'firedamp is- p'resent-- in' the .air an inflammable mixture 
"..'ina'y O'Ceupy niO'stmf ..the upper portion.- pf 'the lamp before it becomes 

- B D* 
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ignited. Igiiitio.ii is tlien as if near the closed end of a tube open 
at tb© other end. 

Experiments were made in whicli a glass tube 12 cm., long and 
2 cm. in diainete.r, closed at one end, was used as an explosion- 
vessel. Brass tubing of diSerent diameters could be attached to 
the open end and determinations made of the lengths required t,o 
prevent the transmission of fiame to an inflainmable mixt.ure of 
methane and air when a similar mixture was ignited by a secondary 
discharge 15 mni. from the closed end of the explosion- vessel, the 
apparatus being fixed horizontally. 


Fig. 2. 



hiUrnal diameter of brass ittbe : mni. 


/ With mixtures of, methane .and- air containing either lO" or 7 nr 
■per/cent., of' methane, tho passage .of '^ ianie' from the explosion- 
vessel to the atnaosphere outside- was .prevented- by less than- 2 cm. 
■length, of brass, tubing , of any - diameter up to-, the,, largest tried, 
iiam-ely, In, inany .instances, „tong,ue.s ,of -.slightly ' luminoiis, 

gas-es .were projected .from, the- ends.-of the' brass, tnbe-s,, but inflam- 
mation of ; the surrounding mixture, did not .follow, ' .The' question,' 
the'refore -arose, whether- increasing the -speed -of pr-ojection.of,' thes-e' 
.iiot ,gas-es-, by -increasing ,; the -. length of-': .the,, .'explosion -vessel^, "W'ouid- 
■'enab'le, -them to .retain :'suiicknt heat;:to'^^ .a mixture., of methane' 




664 PAYMA3N 'A2^B WHEELER: THE PROFAG-ATIOH^OE 


Slid air even after tlieir passage througli a considerable, lengtli of 
brass tubing of small diameter. 

Experiineiits were tlierefore made in wliiob explosion- vessels j 
2 cm." in diameter, of different lengths were employed, so that the 
dames in 10 per cent, mixtures of methane, and air, ignited at the 
closed ends of the explosion-vessels, w^ould acquire different speeds 
by the t im e thev reached the open ends. Previous experiments 
liad shown that the speed of flame in a 10 per cent, mixture of 
iiietlip.,iie and air contained in a horizontal glass tube 2 cm. in 
diaiiieter, closed at one end and open at the other, increases pro- 
gressively with its distance of travel from the closed end over 
distances of 3 or 4 metres. The results were as follow 

Length of brass tube required to prevent |:>a.3sage of 
flame in a 10 per cent, methane-air mixture. Cm. 

L eng til of ex- 
plosion - vessel. 


Cm 12 20 30 40' 

Interna! diameter 
of brass tube. Mrn, 

4 ............ less than 2 less than 2 less than 2 3 to 4 

4-4 „ 3 to 4 3 to 4 

4- 8 „ 13 to 14 16 to 18 more than 30 

5- 6 ............ „ .16 to 18 ■ 24 to 25 

6*4 „ 18 to 19 more than SO „ 

7- 2' „ 19 to 20 ■ 

8- 0 , , „ 19 to 20 


The' increased speed imparted to the heated products of com- 
luistioii by increasing the speed of the ffarne thus material^ reduces 
protection against inffammation of the ' external atmosphere 
a..f!orded by brass tubes. A miners’ safety -lamp, however, rarely 
lias an effective length of ‘‘explosion-vessel exceeding 12' tO' 15 cm. 
On the other hand, its diameter is often as great as 6 cm. It 
seemed possible that the use of an explosion-vessel of larger 
diameter than that employed in the series . of experiments Just 
described might have an, effect s-imilar to increasing its length, 
inasmuch as the higher pressures ; produced within a vessel of 
greater capacity would ' project the heated products of conibiistion 
through the, brass' tubes, with greater speed. 

' On trial, how^ever, this was found not to' be so. An explosion- 
vessel 7-5 cm. 'in diameter and 12 cm. long ivas no more- , effective 
in.' tra'nsmi'tting inflammation through brass tubes to the external 
atmosphere than.' one 2. cm. in diameter. Furthermore, when the 
length .of this, larger explosion-ves-sel ■ was increased to 40' cm., it 
was .foiiiid that protection was still ' afforded by' a length 'of brass 
tub© ,of' less than '.,2 cm, .of any diameter up ,to 8 mm., the "largest 
tried. ... I'licreasmg .the capacity of ■' the' ©xplosion-vessel thus^’ actually 
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ctecjreased tlie danger of fclie iiiilaiiimation being conve-yecl to fclie 
external atmospliere. 

Tiiese results j wbicli were repeated many times with mixtures of 
different methane-content, are in conformity with some remarkable' 
experime'iits by Beyling (“Verein fiir die Bergbaulicheii Interessen 
iiii oberbergamtbezirk Bortmiind/'’ Essen, 1906), made primarily 
to determine the best means of rendering electrical xiiacMnery 
flame-proof. Beyling used an explosion-vessel 33‘5 cm. in diameter 
and 42*5 cm. long (capacity, 42 litres), and found that when a 
mixture of firedamp and air containing 9 per cent, of methane was 
ignited at one end of the vessel, a hole more than 4 cm.' in diameter 
could exist at the other end witho-ut danger of a similar mixture 
outside being ignited. 

The explanation of these results is that the products of com- 
bustion, being under a fairly high pressure wuthin' the explosion- 
vessels of large capacity, were rapidly expanded as they issued 


Fig. 3. 



through the holes or tubes,, 'and were', thus cooled below the 'tempera- 
ture at which they could ignite the mixture outside. 

E X P EE I MENTAL. 

'The experimental work can be ■ -divided into two',. portions, that 
dealing with the speed of flame, in tubes of small diameter, and 
that relating to the passage of flame through short lengths , of such 
tubes from vessels filled with inflammable mixtures. 

' The motion of the most rapid. flame studied was sufficiently slow 
to follow by eye, so that for the measurements pf speeds it sufficed; 
to record' tho times at which’ the- flames made their appearance at 
fi.xed' points' along the tubes. ' 'This' was', done by the' use' of .a' 
tapping-key in electrical connexion with a chronograph,. ' 

, The '-different forms of -apparatus-'.'us'ed'in the' e-xperiments on '.'the 
passag-e of' flame through' shorfc'lengths of -tubes .are shown in. -FigwS. 
The u'pp.er,, diagram' iilustrates;. the ''means, employed ' 
;P'assa^ -of flame, -tbrough tubes-^open at both -' ends. - - 'The;'- ground- 
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glass cover, A, was removed just before igniting tbe iiiixture by 
sliding it downwards, so as to avoid disturbance of tlie mixture 
witliiii tlie tube. Tbe w-hole apparatus, including tb© glass 
extension beyond tbe length of brass tube undergoing test, i-vas 
filled with tbe requisite mixture by displacement of air, six times 
tbe volume of tbe apparatus being taken for displacement. 

The lower diagram shows tbe arrangement when testing tbe con- 
ditions necessary for tbe passage of flame from a closed vessel, and 
is seif-explanator^v 

The methane used throughout the experiments was from fire- 
damp obtained from a blower in South Wales; it contained 2 per 
cent, of nitrogen as, its only impurity. . The m,ixtures were^ stored 
over water in metal , or glass gas-holders of suitable capacity, and 
were analysed before use. 

These experiments have been carried out for the Mines Depart- 
ment of the Home Office. They complete' part of a research on.' 
miners’ safety-lamps which will form the subject of an official 
report. 

[Rcceimch Jiily mh, Umj 


LVIL — The Relative Activities of Methyl^, Ethyls ' and 
n-Prapyl Iodides ‘with Sodium a- and ^-Naphthoxides, 

By HnxBY EnwARU Cox, 

T',H'E reactivi'ty of the alkyl iodides, with a variety of compoimds 
has been measured by many investigators.' 

. ,It, has usually been found that .methyl iodide .is .many ' times 
more active than eth}^ iodide, and ethyl : iodide is ' from one to five 
times as, active as w.-propyl iodide; several anomalies have bee,ii 
recorded, 'however, including one instance in 'which ethyl iodide is 
twice' as' . reactive,' as methyl iodide. .It seemed ,of interest to 
examine' the. relative activities . of these substances with further 
bases, "and as the ' naphthoxides are 'very similar' in chemical 
b€h,a'vioi'ir, .it' was decided . to . examine whether there is any differ-' 
encs 1,11' their reactivities with th©'' alkyl- haloids;. methyl, ethyl, and- 
,'» -propyl ' iodide,s .were .chosen.,- 'as it ' .has ' been found in -all recorded' 
work that the higher roembers of the series show a perfectly regular 
'and grad'ual diminution in .-■ activity .- with . 'increasing ' m.olecular' 
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weiglit, whereas the first three members have shown considerable 
divergence. 

The following table shows the results on record for these iodides 
calculated in terms of w-prop jl iodide = 1 : 


Triethylamine in acetone^ 

Sodium ethoxide in ethyl alcohol- 

Potassium ethoxirlp! .. - 

Methyl. 

590-7 

36-13 

35-53 

Ethyl. 

5-24 

2-85 

‘2*78 

n-Propy 

1-00 

1-00 

1-00 

Sodium methoxide ,, ,, 

' 2 

16-31 

2-51 

1-00 

Potassium methoxide ,, 

2 

16-41 

2*45 

1-00 

Dimethylaiiiliiie ,, ,, 

3 

48-00 

3-2 

1-00 

TriMoamylamine ,, ,, 

3 

327-0 

4-2 

I -00 

Sodium ethvl acetoacetate 

4 

39-2 

4-2 

1-00 

Silver nitrate ,, ,, 

5 

0-94 

2-2 

'1-00 

Sodium plienoxide ,, „ 

6 

>f 

12-1 

2-5 

1-00 


^ Menschutkin, Zeitsch, physikal. Ghein.y 1890, 5, 589. 

® Heeht, Conrad, and Bruckner, ibid,, 1889, 4, 273, 649. 

® Preston and Jones, T., 1912, 101, 1930. 

^ WisHcenus, 1882, 212, 239. 

® Burke and Donnan, T., 1904, 85, 555. 

® Segaller, T., 1913, 103, 1154. 

There are also many figures on record for methyl and ethyl 
iodides only. In the above table, there is a very marked increase 
in activity of methyl iodide' with triethylamiiie and with triiso- 
amylamine, which contrasts very strongly wdth the fact that ethyl 
iodide is twice as reactive as methyl iodide with silver nitrate. 

It is well known that the naphthols are ester ified more readily 
than the phenols, so that it might he anticipated that the velocity 
constants would be higher than with - phenoxides and. lower than 
with ethoxides. This expectation is borne out by the results 
obtained. 

Sodium ' a-naphthoxide is slightly more reactive than the jB-coin- 
pound, and it was found -that the diference is slightly 'accentuated 
as the molecular weight of the -alkyl group increases'; thus at con- 
cenfeation the ratio is:" ' 


Methyl iodide...... ...... ......... 1*12 

Ethyl iodide 1*23 

?i*Propyl iodide .................. 1*32 


■This' 'greater activity ' of ■the .a-compound . with Ii^propyl 'iodide 
-makes the relative a'ctivity of- 'the iodides rather less-' with: the ■«“ 
than- with the,' ^-naphth oxide. ■ .'At 'the '■■ same ■ concentration,: if/5-', 
was -found: ■■ 

a-Haphtihoxide. ^«Naphtli'OxMe.' ■■ ■,■ ■' 

:v'-; '■7-41 ' ,■■- - :.8‘S2- 

■■■,■; ■'.''■■i-99' '■■'■:■ 

: -'l-OO' " - ■:h0©,-',V''. ■,'■''' 


■Methyl iodide .. 
Ethyl iodide ; 
»-*Propyl"icj'dMe 
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Tliese results all refer to tlie reaction in ethyl alcohol at 40'^. 
The reaction is himolecular, as is to be expected from the eqiiatio-n. 

There is, however, a possibility of a side-reaction taking place, 
such as the forzaation of olefines or ethers. Tins is suggested by 
the fact that the velocity constant decreases slightly as the reaction 
proceeds; this decrease has been observed by nearly all workers 
with alkyl iodides. It does not seem probable that it is due to 
loss of alkyl iodide, as it is observed even at low temperatures and 
when working in sealed tubes. It is also' observed in the presence 
of an excess of alkyl iodide. The decrease is not due to' neutral- 
salt action, as it is found that addition of sodium iodide has no 
appreciable effect on the velocity constant. 

It was also observed that, particularly in the more concentrated 
solutions, the reaction ■ mixture, which is practically colourless at 
the start, darkens as the reaction proceeds. This takes place even 
though the .flask is not opened' or exposed to the . air. The colour 
is not due to the liberation of iodine. 

The question also arises ' whether the equation, 

■ aHs-OH-fCioHj-ONa 

is ' reversible or not. If alcoholysis takes place, sodium ethoxide 
will be formed; the velocity' -coefficients Tor sodium ethoxide and 
the alkyl ioclide-s are several times larger than those of the naphth- 
oxides wdtli the corresponding iodides. The velocity constant would 
therefore ' show^ a markedly higher value at the commencement of 
an experiment-, and would rapidly fall ofl as the ethoxide dis- 
appears, and the! increasing .concentration o-f free, naphthol retards 
the further alcoholysis of the naphthoxide. A rapid decrease .in 
the value of the -constant would be found if there is much 
alcoholysis. . ■ " - 

In the experiments here described, there .is a gradual dimihutioii. 
in the value of the constant, but it is not large; indeed, in most 
experiments it is not larger than the decrease observed by Hecht 
and Conrad in their work on*' the ethoxides, where the case of 
alcoholysis doe-s not arise. In order to obtain some information 
on, this point, -experiments were made- in iT /.10-solution with methyl 
iodide- -and sodium .a- and jS-naphthoxides containing 5 per cent, 
excess - of' the corre-spo'nding'- naphthol; this would suppress 
alcoholysis, -and consequently- decrease the constant. The effect 
observed was ‘that the -constant'is decreased by 7*3 per cent, in the 
:cas6 of the; a-iiaphthoxide and by -10*7 per cent. - in the -case- of the 
0-naphthoxide,, but there., was still observed the gradual decrease 
in -.the value of ' 

- -The e-'ffe-ct of the increased, viscosity by th.e excess.- of' iiap|ith'o;i- 
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would no doubt sliglitlj decrease tlie constant, but not to so great 
an -extent. It is interesting to note that Robertson and Acree 
(Amer. Ghem. J., 1913, 49, 474) found that a decrease of 7 per 
cent, was produced by 5 per cent, excess of pbenol in tlie reaction 
I'letween sodium plieiio-xide and metbyl iodide at con centra tio-n A / 2. 


■ Effect of Initial Co7icentration on the V elodtij Coefficients. 

Tills point is one of considerable importance. Hecbt, Conrad, 
and Briickner (Zeitsch. physihal. Cliem.j 1890, 5, 289) proposed tlie 
formula 4- a log ■!?, where v is tlie volume in litres wbicli 

would contain one gram-molecular weight of the reacting sub- 
stances. 

This empirical ecpiation has been found to hold remarkably well 
ill several reactions of the land here considered. Schroder and 
Acree (T., 1914, 105, 2582) have given a scientific basis to this 
equation, which greatly enhances its interest. They show also 
that at a given dilution corresponding with complete ionisation of 
one of the reacting substances, the equation would no longer hold. 

The effect of initial concentration has been tried by measiiriiig 
the velocity of the reaction in equivalent concentrations from iF/1 
to iT/40. The velocity coefficient increases ■with dilution in each 
case, and it increases more rapidly in the case of the a-iiaphthoxide 
than with the jS-naphthoxide. 

The increase is large with methyl iodide, less with: ethyl and 
still less with w-propyl iodide; this is quite in accord with the 
results of- Hecht, Conrad, and Briickner. The equation 

== Aq ~f- ofTog r is found to hold for ethyl and propyl iodides at 
least up to dilution i? = 40. With methyl iodide and the a- and 
^-iiaphthoxides, the equation holds from tf — 1 up to 'y==10 and 
v — 1 respectively ; t;hereaf ter the value of increases abnormally 
rapidly. Bigs. 1 and 2, obtained by plotting actual values of k 
against logr, show the increase wuth dilution. Each point lying 
off the straight line has been determined in duplicate. 

It is most unlikely that ionisation of the naphtho-xides would be 
complete at as low a dilution as iY /lO, so that Schroder and Acree 's 
prediction cannot' be applied. 

'.Also, if the increase is due ; to alco-holysis or ionisation, or' to 
any change'in themaphthoxide/it would be . expected that a similar 
rise would be observed with ethyl and, :propyl iodides at" .perhaps 
slightly greater dilution., 

,'Up' to a?=:40,mo. .such' rise is' observed, .so' that it .ap'pears prob- 
able, that this '.abnormality is. ..du'e .to- some -specific .effect Tvith methyl- 
iodide' only.: 
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Experimental. 

All tlie reactions were carried out witla etliyl alco-liol as solvent ; 
tlie alcoliol m’as prepared by digesting commercial absolute alcoliol 
witli calcium oxide and calcium for several lioiirSj and tiie-ii re- 
distilling from calcium. 

Tile iiaplitiiO'Xides Yv'ere prepared from tbe purest obtainable 
a- and ^-naplitliols, quite wliite, melting at 94*^ and 122^ respec- 
tively. Tlie calculated quantity of sodium dissolved in ethyl 
alcohol was added to an alcoholic solution of the naphtholj and the 


Fig 1. 



Log “i;.” 

'solution evaporated to 'dryness in. a vacuum at 100®. The- products 
were:' .almost '.w%ite.' (Foundr ]SFa=13*75 and 13*87 respectively.' 
,CaIc.: 13*86 per cent.) 

■Some, of the duplicate- experiments were made by, mixing solu- 
tions 'Of' soclitiiii:,etlioxide 'and,' naphthol in tbe, proper prop.ortion'S 
Just before use. ,'^ This method : gave-, results identical with those 
obtained by weighing .out thc'.iky.compound.'.'.and' has been'' applied 
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successfully lay Heckt and Conrad and by Robertso-ii and Acree in 
their work on plienoxides. It is very convenient in the case of 
the a-naphthoxide, as this salt is very sensitive to air and moisture 
and rapidly turns brown on exposure. 

Tyiiistra and Eggink's method {Ber.^ 1906, 39, 14} was tried, 
|}irt without success, minute balls of sodium being retained even 
after prolonged heating. 

Methyl and ethyl iodides were purified by washing with dilute, 
alkali, then with water, drying over fused calcium chloride, and 


Fig. 2. 
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redistiliiBg'from ignited silver. 'The boiling points were 42*5— -43‘^"" 
and '71*5—72^ respectively. 'ATwPropyl iodide -was obtained from 
propyl" alcohol by BanceEs {Bull. 8oc, cliim., lS83,d[ii], ,, 

3'9> '64:8), and purified ,as.„ above.. It boiled, at 101 — 101*5*^. 

The temperature was maintained at 40,;0^ by' means' of a ■ ,'thermo.-, 
stat fi,tted 'with an ,Ostwald,tolueiie -regulator .and an efficient' stirrmg; 
gear. 

, ''The- requisite' quantities '-of reagents . were weighed out, dissolved: 
,sepa'i'ately, .and 'the 'Solutions,' 'mixed. ■■ '"A,f ter. allowing time for the 

' l> 2 
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mixtiire to attain tli© temperature of the batiij' 5 c.c* were witli- 
drawn by a pipette, kept at 40^, calibrated to deliver a voiiiiBe 
equal to- 5 c.c. at 15®. 

Tills ivas run into cold water containing almost enough standard 
liyrlrocliloric acid to neutralise the unchanged naphtho-xide, and 
the titratioii completed as rapidly as possible, using laciiioid as 
indicator. 

1 (T 

The results were calculated from the equation = y (a -a j ' 

ill terms of c.c. of acid used for titration, then brought to k in 
terms of gram-niolecuies per litre by multiplying by five times the 
dilution “f"’ of the acid. Time in minutes was reckoned from 
the time of the first titration when the mixture had attained the 
proper temperature. 

Only one experiment with each pair of substances is given in 
full, the other results being summarised for economy of space. 


Methyl 


Sodium a-naphthoxide. 
M jl each. Acid N /5. 


1 

a— X, 


0 

23*35 


if' 

18»25 

0-001719 

15 

14*70 

0*001680 

22 

12*65 

0*001646 

30 

1,.*00 

0*001603 

37 

9*75 

0*001614 

44 

8-85 

0*001595 


Mean V == 0*001643. 

X 25 = 0*04108. 


Ethyl 


Sodium ■ a-naphth,oxide. 


each. 

Acid 

= iV/lO. 

1. 

a— a;. 

rxio’. 

0 

9-85 


60 

■8*43, 

0-2850 

■130,. 

7-18 

0-2905 

234 

5*95 

0-2845 

290 ■ ., . . 

6*43 , 

0-2850 

.3.60 , 

5*0'0,, 

0-2813 

410: ' 

. 4-65 

0-2769 


Mean. 0*0002830. 
i:==.rx50“0'*01420. 


Iodide. 


Sodium iSmaphthoxide. 
Nil each. Acid iA75. 


t. 

a— 3?. 

h\ 

0 

21*70 

. ' — ^ 

14 

15*05 

0*001454 

21 

13*05 

0*001456 

30 

11*15 

0*001454 

41 

9*65 

0*001404 

50 

8*65 

0*'001390 

60 

7*75 

0*001382 


Mean V = 0*001423.. 
h = ¥ X, 25 = 0*03558. 


Iodide. 


Sodium iS-naphthoxide. 


N /5 each. 


Acid=A710. 

t. 

a— a?. 

FxlOs. 

0 

9*70 



85 

8*08 

0*2376 

160 

7-10 

0*2359 

235 

6*33 

0*2335 

300 

5*78 

0*2330 

360 

5*43. 

0-2251' 

420 

5*05 

' '0-2260 


Memi I*'=0*0002318. 
i;=Fx50 = 0-01i69, 
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n-Propyl Iodide. 


Sodium' o-naplithoxide. 




Acid=iV/20. 

t 

a—x. 

I/xlOt 

0 

■9-55 

— 

140 

8-55 

0-8748 

247 

7-90 

0-8856 

384 

7-30 

0-8406 

540 

6-65 

0-8456 

586 

6-48 

0-8464 

630 

6-35 

0-8376 


Mean F=0*00008551. 
fc=rxl00=0-008551. 


Sodltim /3-napht-iioxicle. 


N/10 ©acli. 


Acid=A^/20. 

t. 

a — cc. 


0 

■ 9-66 

— 

140 

8*85 

0-6693 

247 

8-35 

0-6532 

384 

7-80 

0-6402 

540 

7-25 

0-6353 

587 

7-02 

0-6616 

630 

6-90 

0-6555 


Mean 0*00006525. 
100=0-006525. 


Summary of Eesidts. 
Methyl Iodide. 


Sodium ffi-naplithoxide. : Sodium j3-napMhox'ide. 


V. 

hv (found). 

hviGoXe,). 

(found). 

ha (calc.). 

1 

0-04108 

0-04108 

0-03556 

0-03556 

2 

0-04893 

0-04623 ; 

0-04060 

0-04059 

5 

0-05307 

0-05303 

0-04725 

0-04723 

7-5 

„ 0-05555 

0-05604 

0-05235 

0-05019 

10 

0-05864 

0-05818 : 

0-05590 

— 

15 

0-06844 

— 

0-06487 

— 

20 

0-07513 

— 

0-07209 

— 


“a ”=0-0171. : 

“a” 

=0-0167. 



Ethyl Iodide. 



Sodium a-napthoxide. 

Sodium 3-naphtlioxid©. 

V. 

(found). 

% (calc.). 

(found). 

Ica (oalc.). 

1 

0-009185 

0-009185 

0-00790(> 

0-007900 

2 

0-01166 • 

0-01135 

0-009908 

0-009646 

5 

0-01422 

0-01422 1 

1 0-01159 

0-01195 

'7 

— 


0-01250 

0-01280 

10 

0-01636 

0-01638 1 

; 0-01402 

' 0-01370 

15 

— 

— 

I , 0-01453 ' 

0-01472 

20 

0^01860 

0-01855 1 

: 0-01568 

0*01545 

40',: 

; 0-02109 

0-02072 

0-01700 

■ 0-01719 


“a ”=0 00720. 

!,■ 

= 0*00580. 



n-Propyl 

Iodide. 


'Sodium a-naplitlioxide. ■ 

1 ''Sodium i8-naplitho.xide. ' 

V. 

(found). 

ht, (calc.). 

! ha (found). 

■ha (calc.). 

■1 

. 0-004300 "' 

0-004300 

0-003160 

'0-00'3160, 

5 

0-007133 

0-007355 

i ' ' 0-005355. 

0-005431 

10 

0-008551' 

0-008670 

' 0-00'B525 

. . 0-006410' 

20' 

0-01011 "" 

0-009985 

■ , 0-007392 

"'' .0-007388 

40" 

", 0-01121:;. ■; 

0-001130 

! ,• ,0-008517 ' 

0-008367'' 


»"a.”=«:0-00437. 


r ' ‘ra’» 

«0-0'03,26., 
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Sodium a-naplifclioxide containing 5*0 per cent, excess of 

cs-iiaplithol witli metliyl iodide, N j 10 eacli, 

|!.= 0*05436; decrease in /c=7*30 per ceni. 

Sodium 0-iiaplitlioxide containing 5*0 per cent, excess of 

0"iiaplithol with, metliyl iodide, N j 10 each. 

==0*04989; decrease in ^ = 10*75 per cent. 

Oonehtsiom, 

The reaction of the alkyl iodides with sodium a-naphthoxide and 
sodium ^-naphthoxide is a bimolecnlar one of a special type, in 
which the velocity of reaction is dependent on the initial con- 
centration. 

There is some evidence that both ■ naphthoxides undergo 
alcoholysis in ethyl-alcoholic solution. 

Sodium a-iiaphthO'Xide is more reactive towards the alkyl iodides 
than is 'sodiimi j8-naphthoxide. 

The presence of an excess of a-, or jS-naphthol decreases' the 
velocity' coefficient. 

The velocity of the reaction in each case increases with dilution. 
The increase is most marked with methyl iodide, ■ and becomes less, 
as the molecular weight of the alkyl group increases. 

The velocity of reaction at dilution v'' can be expressed in the 
form of an equation This equation holds good 

with ethyl and w-propyl iodides at least so far as dilution 40, 
With methyl iodide, the equation holds only iip to dilution , v =10 
for' sodium a-naplithoxide and r = 7 for the ■^-compound; at higher 
dilution,, methyl iodide exhibits, abnormal reactivity. 

The order of relative activity is methyl,- ethyl, w-propyl. ^ Methyl 
iodide is several times ' more , active than ethyl iodide at the 'same 
dilution; this is' in ,agreem-ent with- the' , majority- -of ' the published 
results, for these iodides. ■ 

■ The author wishes to express-' his thanks to Mr. G-. R.' Thompson, 
who has provided ev-ery facility for this ,wmrk; -also*- ',tO' B-r. J. '0/ 
Crocker for his kind interest and valuable advice. ' * 

, ' 69,- Bock SmEET, 

hTEwroEV, Mox. 


(Eecewedl June $2nd, i'QIg,} 
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LVIIL— 17ie Ternary System — Sodium Sulphate, 

Animofinmi Sulphate, and Water. The VttMsa- 
tion of Nitre Cahe for the Production of 
Ammonium Sulphate. 

By Haeey Medforth Dawson. 

In coiinexioii 'witb. e>xp'eTiiiients iiistrituted witli tlie- objecfc of find- 
ing a Jiietbod for the separation of sodium sulphate and aininoiiiurii 
sulphate from solutions containing both these substances, and with 
a view tO' the possible use of solutions of nitre cake for the absorp- 
tion of ammonia in the manufacture of ammonium sulphate, an 
investigation has been made of the equilibrium relations in the 
system N‘a2S04-(NH4)2S04~H.20. This investigation was completed 
during 1917, and although it was originally intended to defer the 
publication of the results for the present, the appearance of a series 
of papers by Matignon and Meyer (Compt. rend., 1917, 165, 787; 
1918, 166, 115, 686) on the equilibrium conditions in this system 
has led the author to revise his original proposal. 

The components of this system combine to form twm compounds, 
namely, Glauber's salt and the double salt Na2S04,(NH4)2S04,4H20/ 
and the characteristic features of the 5373 tern are largely deter- 
niined by the properties of these compounds. The double salt 
seems to have been first obtained by Segiiiii {Anrh. Uhim.. Fhys., 
1814, 91, 219), and subsequently its formation by the interaction 
of ammonium chloride and Glauber h salt and b}^ the action of 
water on . a mixture of sodium chloride and ammonium sulphate 
was described by Schiff I860,- 114, 68). .The crystallo- 

graphic properties of the double sulphate have been examined on 
several o-ccasions by Mitscherlich ' (Ami. Fhys. Gliem., [ii], 

58, 469), Lang {Wien Ahad. Ber., 45, 108),. Reinsch 

'{ZfdtBch. Kryst. Ifm., 1884, -..O, 561),- and Retgers {ZeiUch. physikal. 
G/iem.,, 1891, 8, 58),. but the eonditions of formation of 'tbe double 
■ salt a,nd its relation to' the simple -salts do not appear to. have -been 
previously examined.'' Accordingho Retg-ers {loc. -cf^.),' crystals ".of 
-the' anhydrous- 'double s.ulphate. .■■■separate out . at. temper-atees 
■between 5.0-°.. and 70°.. but, the crystals, ■■.actually obtained , by ■ this 
observer, were, very small-^an-d impure, 'and the,' view .that -.they repre- 
sent.,' the anhydrous .,' double sulphate',-." was': based on,' the" opti'ca! 
behaviourDf .the -crystals '' when 'examined .'under the microscope.' 

,, '.'.'In 'preliminary experiments, "it. was '-found that finely powdered 
,Gla.ube'r's salt and ammonium':'" :,sulphate react together at the' 
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orciiiiar}" teiiiijeratiire, the mixture becoming pasty and the tempera- 
tiire failing considerably. Although it was at first suspected that 
this .might be due to the simple dehydration of the Glauber's salt in 
the presence ol ainmonium sulphate, further experiments showed 
that the reaction consists in the formation of, the , double ' salt in 
accordance with the equation 

ISraaSO^hOHoO -f (NH4hS04-Na.S04,(NH^).S044H2^ A dH.O. 

If the finely powdered substances are mixed together whilst the 
temperature is kept at —15^ to — 20 ^, there is no evidence of the 
above reactioiiy the mixture remaining perfectly dry, but at —10^, 
on the other hand, the mixture showrs distinct signs of caking, and 
it thus seemed probable that the above reaction sets in at some 
temperature betiveen - 10 ° and - 20 °. 

Lowering of the Temperature of Transition of Glauier^s Salt 
on the. Addition of Ammonimn Sulphate. — In experiments made to 
determine the effect of ammonium sulphate on the temperature at 
which Glaiiberh salt is transformed into anhydrous sodium sulphate, 
about 100 grams of Giauber^s salt were heated to about 40° and 
cooling curves taken before and after the addition of measured 
quantities of ammonium sulphate. During the cooling, the tube 
eontainiiig the mixture w^as surrounded by cotton-wool and the 
mixture thoroughly stirred. The results ' obtained are shown in 
table I., 


Table 1. 

Reference 

number. Hature of cooling system. 

® Glauber’s salt. 

b ......... 100 grams Glauber’s salt -f 4*66 grams ( 1 ^ 114)2804 

% »» >» ,, „ 

® »» }>» 4-lB*65 „ , 

" - ,■ » ■ +26-60 , 

/ s, -*- 43*8 3$ ■ 


Transition 
temperature* 
32*35® 
30-05 
27*75 
26-50 
26-50 

continuous 
fall in 

temperature. 

Ihe value of the molecular lowering of the transition tempera- 
ture calculated from observations 6 and c is 65, which is slightly 
less than the value obtained by Loewenherz (2ej«scA. physihal. 
them., 189o, 18 , 70) for relatively dilute solutions of the alkali 
sulphates. The Umiting temperature, 26-go, obviously represents 
an invariant point, and, in point of fact, the three solid phases in 
equihbnum with the solution are Glauber’s salt, anhydrous sodium 
sulphate, and the double salt Na.,S 0 ,i,(NHi)„S 04 , 4 H ,0 ' 

^ 0 / the Double skt.-la view of Eetgers’s observa- 

tion that the crystals deposited at higher temperatures are 

anhydrous, it was to be expected that the double salt would decom- 



AMMONIUM SULPHATE,, AND WATER. 


677 


pose afc some temperature below 70®. Preliminary experiinents, 
in wiiicli a dilatometer was filled witli tlie finely powdered double 
salt, gave no positive evidence of this change. On the other hand, 
■wheii a mixture of 50 grams of Glauber’s salt and 30 grams of 
ainmoniimi sulphate was heated to about 80® and allowed to cool 
in . the, air, the , temperature I’emained stationary at 58 — In a 
further' experiment, in which the tube containing the mixture was 
Jacketed and allowed to .cool with the outside tube imniersed in 
a water-bath at 50®, the temperature of the mixture fell slowly to 
68*2® and then rose to 59*3®, at which it remained constant for a 
very considerable time. This temperature was evidently to be 
regarded as that corresponding with a further invariant point, 
.and it seemed probable that this *was the temperature of decom- 
position of the hydrated double ■ salt. 

Sohbhility Meamr&mmU. — ^Further information was sought by 
solubility measurements, the chief object of which was to ascertain 
the composition of the solutions- which are characteristic of the 
invariant and univariant systems. In the case of the invariant 
systems, the solutions in question are saturated with resp-ect to 
three solid phases, and the temperature has a -definite^ value. -On 
the other hand, the temperature is variable in the case-- 'of the 
univariant systems which are characterised by the presence of two 
solid phases, but at a given temperature-- the co-ncentration of both 
■the sodium sulphate and , the ammonium sulphate has a definite- 
value. 

In connexion with the solubility measurements, a quantity of the 
double salt was prepared by dissolving sodium- sulphate and 
aimnoniiun sulphate in the molecular proportion 1 : 2 ' to give a 
solution of the approximate- molecular composition 
lOOOHoO : 40Na.>SO4 : 80(]SrH4)2SO4. ^ 

The .warm solution was allowed to co-ol'to the ordinary temperature, 
and crystals of the double salt were deposited, which, after drying 
in' contact with 'the a,ir, gave. on '.analysis lSra 2 ,SO 4 ,'= 40*7 (th'.eory, 
41-‘’0 p-er cent.) and ,.'(NH4)2S04~.38*3'' (theory, 38*15 per cent.). ' ' 

."Preliminary, measurements of the ■ quantities of sodium' and 
'ammonium sulphates in .the solutions saturated ' at '0®, 25®, 50®, and. 
100® .were made in order' to ensure the .presence of the'. requisite 
.solid phases in the subsequent experiments.' In maldng th6''fi.nal 
.determinations, a soiiitio-n having approximately the composition of 
. the saturated' solution was pre-pared, "and when 'the temperature, of . 
this, -had- been 'brought; to the .. desired,' value, 'the .requisite - solid 
phases in finely powd-ered' form. 'were, added- in .considerable, quantity,.' 
-.'The. -in'ixtiire- '-was'' stirred' for- one 'to -Itwo' hours, .and, sample,' bf '''th.e'' 
saturated 'S'clptipn, ".filtered through. '.-a. ■<?'otton-WQQl plug,, wa;s''. removed 
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for analysis. Tlie sodimn siilpliate was estimated by evaporation 
of a ineasiirecl fraction to dryness in a platinum dislij and sub- 
sequently heating' the residue to redness. It was found advisable 
to treat the residue with a little ammonia, and to* repeat these 
operations before the sodium sulphate was finally weighed. For 
tile estiinatioii of the aminoniixiii sulphate, a second fraction was 
added to an excess of standard sodium hydroxide, and, after boil- 
ing, the excess of alkali was titrated by means of standard acid. 

The results obtained in the solubility experiments are shown in 
table II, ill which are recorded the temperature, the nature of the 
solid phases in contact with the solution, and also the weight and 
molecular composition of the solution. 

The relations exhibited by the solubility data recorded in the 
table on p. 679 are shown in Fig. 1, in which, temperature is given 
by the abscissa, wdiilst the ordinate represents the number of 
molecules of sodium sulphate or ammonium, sulphate per 1000 
molecules of water. Two groups of' curves are thus obtained, . the 
lower one of which has reference to the sodium sulphate content 
of the .saturated solutions and the higher one to the amount of 
ammonium sulphate. Corresponding points in the two groups are 
indicated By the same letters, the ammonium, sulphate group being 
distinguished by a .dash. The points D'and thus represent the 
numbers of molecules of sodium sulphate and ammonium sulphate 
respectively per 1000 molecules- of water in the solution which is 
characteristic of the invariant system at the temperature of decom- 
position of the double salt into the- component simple sulphates. 
In exactly the' sa.me way, the curves which connect ' such corre- 
sponding points are corresponding curves. , The curves which repre-' 
sent solutions saturated with respect to ' Glauber's salt ' and 
ammonium sulphate {AB and A with respect to double salt 
and ammonium sulphate and' ,a.nd with respect' -to 
..anhydrous sodium sulphate -and ammomum sulphate* "and 

do not exhibit any peculiarity which calls' for' special 'com- 
'ment. The case is differe-nt, however, when we consider the curves 
■which, correspond, with solutions s-aturated with respect to double 
salt ..and- Glauber '“’s salt, and those - w,hich represent, solutions 
saturated ' with respect to -double salt and .anhydro'Us' sodium 
.sulphate. ' - The curves BG and show that in solutions saturated 
in regard ■ to double salt, and Glauber^s' salt, the -sodiiim sulphate 
'■.content-' increases , rapidly with rise ' of temperature, ' whilst the 
„ ammonium; sulphate- - -concentration -. rapidly ' ' 'decreases. Betwee-n,' 
^1-6°, 'w',hich, aGCording to the curves in, 'Fig. 1, appe*ar8 to' be the- 
t^perature- ■ of ; formation of AAie .double salt,..' 'a,nd - 26'-5',%, at which 
Glauber's salt is transformed into the Vanhydrous' s-ii.!phe.te,^' 



Grama per 100 of water Mols. per 1000 of water. 

^Temperature, Kature of solid phases. NagSO^. 

— 19*5° Ice/ Glauber* s salt, and ammonmm 
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iTiO'leciilar ratio of aminomum sulpliate to socliiiin solpliate in th© 
saturated soliitio'ii falls from about 12*8 to 0*50. 

The curves OD and ^vliicli represent solutions saturated 

witli respect to- double salt and anhydrous sodium suiphatej follow 
an opposite course, in that the sodium sulphate content decreases 


Fig. 1. 

(NH 4 ).S 04 --H, 0 . 



with rise; of' temperature, whilst’ the ammoniuin sulphate’ conceii- 
tration ’ increases rapidly.’' Between '26*5^ and at which the 
double" salt , is.” decomposed, ’■.the",molecular ratio' of .ammonium 
S'lilphate' to sodium sulphate increases from 0*50 to 2-44.'’ 

’ The . point .at which ’.the curves, BG- and , ’intersect,.’ , and 
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tile point Gy corresponding with the intersection of GB and (7^1)^ 
represent respectively the lower and upper limits of the tempera- 
tur© interval within which th© double salt is not decomposed in 
contact with water. The limiting temperatures are approximately 
20® and 41*5® respectively, and it is only within this range that 
solutions saturated with respect to double salt and sodium sulphate. 
(Glauber’s salt below 26*5® and anhydrous sodium sulphate above 
26*5®) contain a larger molecular quantity of sodium sulphate than 
of aininO'.miim sulphate. Below 20®, the double salt is decomposed 
by water with the separation of Glauber’s salt, and above 41*5® 
it is similarly decomposed with the separation of anhydrous sodiimi 
sulphate. The dotted curve joining the points F and G represents 
the curve of solubility of the double salt. In practice, it is possible 
to measure the solubility of the double salt at temperatures outside 
the interval corresponding with FGj but the ‘ saturated solutions 
so obtained are meta-stable. 

The graph, of^ the solubility data in Eig. 1 shows clearly that 
th© two ammonium sulphate curves, as well as the two- sodium, 
sulphate curves, intersect at about —16®, and it is probable ' that 
this represents the temperature at which the double salt is formed 
from Glauber’s salt and ammonium sulphate. , Further evidence 
in support of th© existence of this lower limiting temperature , is 
afforded by observations on the cooling of certain mixtures of the 
components. Suitable mixtures are obtained by mixing finely 
powdered Glauber’s salt and ammonium sulphate in th© nioleoular 
proportion 2 :3, with the addition of a little water to reduce the 
stiffness of the pasty mass which is formed by their interaction. 
The tub© containing this mixture was fitted with a thermometer . 
and stirrer, and surrounded by a wider glass tube immersed in a 
freezing mixture at —22®. The ' following readings were ■ taken 
after successive five-minute intervals: —11*0®, —13*1®, — 14"5®, 
-15-5®, -16*5®, -17-0®, -17-5®, -18*0®, -18*2® -18*5®, -18*3® 
-18*0®, -17*9®, -17-2® -16*9®,. -16*6® -16*3® -16*0®,' 

— 16*1®, —16*3®, —16*5®, According to this' record, the tempera- 
ture fell to —18*5® and then rose to’— 16*0®, which represents '"the.' 
temperature of formation , of ' the double ' salt, and agrees closely 
with the temperature indicated ■ by ■ the solubility curves. 

. OrpstaUisation of ' Solutions containing Sodium and Ammomum'' 
Sulphates. — According to the graph of the solubility data in Fig, '1," 
it is evident that the crystallisation' of ' a .'solution,,, which contains 
equimoleciilar quantities of’ the two sulphates, will yield 4h©' 'pure, 

, double, salt ., if .the, temperature- ’.of 'the, solution' lies betw^ii' 2,0® 
.aiid,:,'41*5®.; , ' 

’"'"In an actual'-' ’experiment, 'in which a solution,. ’prep-areci,'. '-'by dis- 
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solving 284 grams of sodiuBi sulpliafce and 264 grams of ainnioniiiiii 
s'olpliate in 720 grains of water, was allowed to- cool to 20°, 180 
grams of tlie double salt- were obtained. This result corresponds 
closely with that calculated from the equation : 

1 OOOH.O : bmaSiX : 50(]SrH4)oSO4 = 

13'0NaoSd4,(NH4)oSO4,4H.O -u 

'0-948[i000HoO : 39Na2B04 : 39(NH4),>S04|. 

With regard to the separation of sodium and ammonium sulphates 
by crystallisation from a solution containing the mixed sulphates, 
it should be noted that there is a great disparity at low tempera- 
tures in the quantities of the two sulphat-es which are contained in 
solutions saturated with respect to Glauber's salt and ammonium 
sulphate or the double salt. For such solutions, the value' of the 
molecular ratio of ammonium sulphate to sodium sulphate increases 
rapidly with rise of temperature until the ratio becomes equal to 
unity at the upper limit of the lower transition interval (20°). 
In view of the high value of the ratio at low temperatures, it is 
obviously possible to crystallise out a large proportion of the sodium 
sulphate , from a solution containing sodium and ammoniiiin 
sulphates by lowering the temperature. 

Although Fig. i is well adapted to show the relationship between 
the double salt and the simple salts, the changes which occur on 
crystallisation may be more suitably discussed in reference to the 
curves which are shown in Fig, 2. In this diagram, the composi- 
tion 'of any solution is represented by a single point. The hori- 
zontal axis gives the number of molecules of sodium sulphate per 
1000 molecules of ivater, ■ and the vertical axis the number of ' mole- 
cules of ammoiii uni sulphate per 1000 of water. In the construc- 
tion of this, diagram, the required data for the solubility of sodium, 
sulphate and, of ammonium, sulphate in /water , have been, taken 
, ,f,roiii, , the, tables given in Landolt-Bornstein-Meyerhoffer. , The 
isothe'mial curves connecting the points on the sodium sulphate 
and"' ammonium, sulphate, axes pass through the points which corre- 
^ spond with the saturated solutions recorded in 'table II,' Bc'law 
— 16° a,iid' above, 59*' 3°, the isothermals consist, of two ,' branches, 
and between ' these . temperatures there, are ' three branches on each 
,isatherinaL The isothermals' actually represented on the; diagram 
are ' , those,, for -10°, ■ 0°, 15 °,' 20° ' 26*5°, 40°, ,'50°,, ' 5'9-'3°, 
,'75°, ' and ,100°.,, The, sodium ■ sulphate curves, corresponding, with' 
the five, ,hi,,gliest'. temper,atu'res are- only, indicated in so far as' they 
do , not 'interfere, with, the clearness ' of' the diagram. ' ' The p.oints' 
'B,,,'£7, and D correspond vrith the three invariant sys,t©ms, at —16°, 
26*5°, and,' ,5,9*3 a,nd,, are indm^^ .'by',.the.eaiiie letters, in ,Fig..'' 1,.,' 
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Tiie dotted curve BD represents tlie solutions wliicb. are saturated 
witli respect tO' ammonium sulpliate and double salt, BC tbose 


Fig. 2. 

Xa^SOi— (XH4 )oS04— H.O. 
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wliicli are saturated witii respect to Glauber’s salt and double salt^ 
and GB tliose saturated witb respect to anhydrous sodium sulphate 
and double salt. The region enclosed by the three curves corre- 
sponds with solutions wdiich are saturated only with respect to the 
double salt. 

By reference to Pig. 2, it is possible to predict what will occur 
when any soliitioii containing sodium and ammonium sulphates 
is crystallised either by the removal of water at constant tenipera- 
tiire or by a lowering of the temperature of the solution* 

The diagram shows that the isothermal for 26*5'^ represents the 
iiiaxiiiiimi extension of the double salt curve, the molecular ratio 
of ainmonmm sulphate to sodium sulphate, in the saturated solu- 
tion varying from 5*2 when saturation with respect to ammonium 


sulphate is reached to 0*50 when the solution becomes saturated 
with respect to sodium sulphate. Prom this it is apparent that, 
at this temperature, the double salt may' be crystallised out from 
solutions of widely varying composition. On proceeding from 
26*5° to higher or lower temperatures, the double salt isothermals 
undergo a gradual contraction until they disappear at -16° and 
59*3° respectively. 

PiG'in the position of the dotted boundary curves on the diagram, 
it is evident that the solutions from which the double salt crystal- 
lises out between these limiting temperatures contain, in general, 
an excess of ammonium sulphate. At low temperatures, the 
■ required excess of ammonium sulphate is considerable, and for the 
most part solutions of the two sulphates when crystallised at low 
temperatures yield Glaubers salt as the solid product. If the con-' 
centratioB, of the solution of the mixed sulphates is appropriately 
adjusted, a large proportion of the sodium sulphate' may be removed 
m the form of Glauber’s salt by cooling. Since the separation of 
Glauber’s salt from the solution involves the removal of ten mole- 
cules of water for each molecule of sodium sulphate, it follows that 
the crystallisation will ' be Accompanied by an automatic increase 

inutile concentration of the ■ammonium sulphate. 

The solubility data which determiae the extent to which the 
separation of sodium and ammonium sulphates may he effected bv 
crystallisation of Glauber’s salt are recorded in table III for 
temperatures of -I0-0° and -15-0°. The successive columns give 

foi rrTir' ^he mokcukr L- 

position of the solution m terms of 1000 molecules of water, and 

the molecular ratio of ammonium sulphate to sodium sulphate in 

the entire range" of tS 
results it is n ® t ® two temperatures, and by plotting the 
results It IS possible to ohtain the ratio of ammonium sulphate to 
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sociiuiii siilpkate in any solution wMcli is ' satiirated with resi'iect 
to Glauber's salt at these temperatures » 


Table III. 




Molecules 

salt per 




dOOO mols. H-sO. 

Mol. .ratio 

Tern* 



^ ^ 

(.NSdaSO, 

peratiire. 

Nature of solid phases. 


(NH,),S 04 . 

Na.SO^. 


Ice and Glauber’s salt 

■ 7*32 ' 

47-2 

6-457 


Glauber’s salt 

7-95 

52-0 

6*54 1 



8-51 

60-4 

7*10 r 

-lO-O 

Glauber’s salt and double salt 

9-86 

76*5 

7*76] 

-15*0 

Ice and Glauber’s salt 

7-48 

69-7 

9*3 1 

-16-0 

Glauber’s salt 

7-53 

76*0 

10*1 - 

-15*0 

Glauber’s salt and double salt 

7-20 

84*0 

11*7 1 


The numbers in the last column show that the molecular ratio 
of ammonium sulphate to sodium sulphate in the solutions saturated 
with respect to Glauber's salt increases with increase in the 
ammonium sulphate content. .Taking the value of the, molecular 
ratio which coiTesponds with the middle portion of the, isothermal, 
it follows that crystallisation at —10*0° will yield a mother liquor 
containing about seven molecules of' ammonium sulphatO'^' per mole- 
cule of' 'Sodium sulphate, and at -rl5^ a- mother liquor containing 
ten to eleven molecules of ammonium sulphate per molecule, of 
sodium sulphate. 

If such mother liquors are evaporated at or about 100^, a large 
proportion of the ammonium sulphate present may .be obtained in 
a pure condition . By reference to' table II, it will be found that 
tlie solution saturated with ■ respect ■■ to> sodium '.sulphate and 
amiaoiiium sulphate at 100*^ has the molecular composition 
lOGOH^O : 48-0Na2SO4 : 129h(NH4)2S04. 

For this solutio'n, the molecular ratio,' of ammonium to sodium 
sulphate ; is "equal to 2*7. ". If, therefore, W'C ,liav©: a. mother liquor 
for which, as a result of The separation -of Glauber'e , salt by, cooling 
to —15^, the. molecular ratio of ammonium to sodium sulphate, has 
been, increased to 10*5" .(compare table III), it follows ^ that 

100 =' approximately :"75" ■ per cent, of the, ' contained 

ammonium sulphate may, be, obtained in "pure condition ' by evapora- 
tion at 1,00°. , , . ' ,. . 

The relations, exhibited . bj' the, equilibrium': conditions tat ,low 
te-mpe'ratures ' and iH' the neighbourhood : of 100° ,have' been 'made' 
the basis of a , method, for hhe' production ' of a,mmoniui!i',.su'lp,liate 
and .Glauber's salt ,by 'the 'treatment' of',''solntioiig\jof'tth'0''.:'m.,m 
sulphates such ' as, 'are obtained. when nitre -cake 'or, mixtures' o'l 
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nitre cake and siilpiiiiric acid are employed for tlie absorption of 
ammonia (Brit. Patent 114236, 1918). In this process, tlie liquor 
from tlie amiiionia saturator lias its concentration suitably adjusted, 
and is tlien cooled to about —10°, at wbicli teiiiperatiir© a con- 
siderable proportion of the sodium sulpbat© separates out in tbe 
form of (lkuber''s salt. The^ mother liquor is then transferred to 
an evaporator, and on evaporation of the solution, crystals of 
aiiimoiiium sulphate are deposited until the molecular ratio of 
ammonium, sulphate to sodium sulphate in the hot liquid has been 
reduced to a value not less than about 2*7. The residual liquor 
is then suitably diluted and returned to the refrigerator in admix- 
ture with a further quantity of solution from the saturator. 

In view of the- fact that the liquid , from the saturator inevitably 
contains a- certain amount of free acid, it was of some interest to 
investigate the influence of the presence of free sulphuric acid on 
the crystallisation of Glaubers salt at low temperatures. In these 
experiments, solutions containing fixed ■ quantities of sodium 
sulphate and ammonium sulphate and variable quantities of ■ free 
sulphuric acid were cooled to —10*0°, and the composition of the 
mother liquors was determined. The results obtained are recorded 
in table lY, in which the composition' by weight and the mole- 
cular- composition of the resulting solutions are shown, in addition 
to the value of the molecular ratio of- ammonium sulphate to 
sodium sulphate. 

Table IY, 


Grams per 100 of water. Molecules per 1000 of w^ater. -MoL ratio 
. ^ ^ ^ (NH,),SO, 


NasSO*. 

.(NHdsSO^. 

H2SO4. 

Na^SOi. 


. H2SO4. 

Na,S04.' 

0-19 

38*05 

— 

7*85 

51*9 

— 

- 6*61 

6-48 

37*0 

3*98 

8*21 

51*7 

7*31 

6*-30 ', 

6-61 

37*7 

7*95 

8*38 

' 51*4- 

14*6 

6*13 


, Although the ratio of ammonium sulphate, to water in the three 
mother liquors - is not quite the same, the values' are - sufficiently 
close to, permit, of a -comparison of 'the effect of the free,, acid on the 
separation of the, Glauber's salt, and it , is 'evident from 'the table 
that' the molecular ratio of ammonium '-sulphate to sodium sulphate 
in' 'the 'Solution 'decreases as- the ' 'proportion of free acid increases. 
In 'other, word-'S,' the separation -’of- Glauber's salt is less .complete 
in,' the presence' -of - free acid, but' the influence of the acid' is ,not 
''such' as to ,aff©ct, seriously, the. -efficiency of ' the cooling' .'process.' It 
may be -' '.noted,' , that , the "mother ■ liquor in ,exp©riment c contains 
about 6*2 per cent, /of free "sulphuric acid. '. 

With regard to the influence of free ' acid ' on ""the ".separation ''of-' 
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aiiimoiiiiuia siiipliate by evaporation of tlie motber liquor obt-ained 
in tbe previous cooling process, it bas been found that mole- 
cular ratio of animomuin sulphate to sodium sulphate, which is 
characteristic of the acid-free solution when saturated with respect 
to sodium and ammonium sulphates at 100°, is not appreciably 
altered in the presence of a considerable quantity of free acid. 

An experiment in which this ratio was determined in the. 
presence of free sulphuric acid may be quoted. Fifty grams of a 
sulphuric acid solution of the approximate molecular composition, 
lOOOHgO :100H2S04, were placed in a tube provided with a stirrer 
and heated at 100°. Excess of finely powdered , sodium and 
ammonium sulphates was added, and the mixture stirred for about 
an hour, when a sample of the solution was found to have the 
molecular composition, 

lOOOH'sO : 79*6Na.>S04 : 224‘7(NH4).2S04 : 105-4H2SO4. 

The molecular ratio of ammonium to sodium sulphate in the 
saturated solution, which, it may be noted, contains about 15 per 
cent, of free- acid, is thus 2*8, whilst the value of this ratio for the 
acid-free solution is 2*7, 

The results of the observations in acid solutions lead to the con- 
clusion that the presence of free acid in moderate quantities does 
not affect to more than a small extent either the separation of 
Glauberh salt by crystallisation at low temperatures or the separa- 
tion of ammonium sulphate by evaporation of the resulting mother 
liquor. 

Summary, 

The equilibrium relations , in the- ternary system 'Na2S04- 
(NH4)2S04“H20^ between —20° and 100°' are described and ’illus- 
trated by diagrams. 

The characteristic features of the -system are in a large' measure 
determined by the double salt ■ !Na2S04,(ISrH4)2S04,4H20, .which is - 
formed from Glauber’s salt and ammonium sulphate at' —16°, and 
■decomposes with the formation - of 'the - anhydrous simple salts ' at 
' 59-3° ■ ■ , . ■ , , 

'B-etween —16° and .20°, the. double salt is - decomposed by water 
with' the formation, o.f ' Glauber ’s '"'sa-lt,^ and .between, 41‘i°',aiid';59*3° 
it is decompO'Sed 'With the formation -'of nnhydrous sodium sulphate.. 

The, temperature at ,which Glauber’s salt i8,transform'ed''into. .the 
: anhydrous sulphate .' is , ' ' depressed. . to ■ ' 26*.,'5° : by the addition' . , ,of ■ 
■anmaonium 'Sulphate.' At this temperature, the solution formed is 
■,'in,„'equilib'rium .with Glauber’s salt," anhydrous sodium sulphate, and 
„ the.-;, double'' '.salt.: 

It is shown that sodium sulphate' and ammonium sulphate may 
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1)6 separaterl from one anot-lier by subjecting sokitions of appro- 
priate conceiitration to low temperatures^ wben most of the sodium 
siilpbate crystallises ■ out ' in tbe form of Glauber's salt. A large 
proportion of tbe ammonium sulphate- in the mother liquor may 
be obtained in, pure condition hy eYaporation at 100^. 

Tlie ■ inetliod of separation is not appreciably affected by the 
■presence of moderate quantities of free sulphuric acid. 

Physical Ghemistby Department, 

The Unxvebsity^ 

Leeds. [Beceived, July 2,1th ^ 1918.] 


LIX . — Acylated -^-Phenylenemethyldiamines, 

. By Gilbeet T. Mobgan and William Robinson Geist. 

The acyl derivatives of ■ p-plienylenediamine have long had con- 
siderable technical importance, owing to the circumstance that these 
derivatives afford a practicable method 'of diazotising this diamine 
in both its ainino-groiips, a process required in the-' manufacture of 
bis'azo-eoloiiriiig matters containing the complex: 

X*iSr,/ 

It has also been found that the monodiazoniiini salts (I) of the 
acyl derivatives of p-phenylenemethyldiamine are iitilisable in the 
prodiictioi'i of a'nimoazo-dyes, (III), the acyl group being removed 
by hydrolysis, from the .intermediate product, which has the general 
fo.niiiiIa, II: 

AcN(OH 3)/ -> AcN(ck3)/ yNgX -> 

iff'' (IlL _ _ 

CH.-Nh/ 

(HI.) 

Ill' certain" nases, the .acylammoazo-compounds themselves are 
found' to have . useful tinctorial properties;, (Morgan and Mickle- 
th’^vaifc, /. Socj Pym, '1909, 25, 107; Farbenfabriken vorni. F. 
'Bayer ■& Co., D.R.-P..2969'64). 

The f>ami.iiomethyIa,cylamIid'es' can -be prepared by the' following- 
methods: . \ ; C,' ' ■ 

(11 .Froin ..inethylaiiiline, . . .by . successively aeylating' ■ this . ' base, 

' idtrating dU acyi. derivative,. a.nd""reduci'ag-. the p-iiit'rO“Com.po!i.!icL 
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(ii) By metliylating- ' ' tlie acylaniiide and tiieii sabjecting tiie 
naetliylacylaiiilide to>d5ie same treatment as in method (i). 

(iii) Successive m ethylation and acylation of 2 }-iiitroaiiiliiie, 
followed hj reduction of '-tlie resulting ;^9-nitromethylacyl anilide. 

,(iv) Methylation of the alkali derivative of 4 :4^-dillitrocliazO” 
alninohenzene, and hydrolysis of the methylated diazoamiiie to 
a 'mixture of chlorobenzene and methyl-j^'^^troaniliiie, the- secondary 
nitro-base being then acylated and reduced' (Morgan and Aleock, T., 
1909, 95, 1332). 

Of these four methods, the first is generally the most practicable 
| 3 ro'vidiiig that inethylaiiiline is available in sufficient amount. 
Being in possession of considerable quantities', of this base obtained 
by the process indicated in Englisli Patent 514 of 1916, the authors 
have utilised this means of preparing "several intermediate 'Coni- 
pounds from iiietliylaniline which have not hitherto been described 
(Eng. Pat. 16520 of 1916). 

(IV) is obtainable by nitrating nietliyl- 
foniianilide, this acyl derivative being readily prepared by warm- 
ing methylaniline with concentrated formic acid. It was shown 
that in the main product of this nitration the nitro-group enters 
the' para-position with respect to the aeylammo-complex, this 
orientation being demonstrated by hydrolysing the iirtrb-coinpound 
to jy-nitromethylaniline and by converting this secondary base,' into 
its characteristic nitrosoamine. ' ■ 


.-N-COH 

CH,-N-COH 

CH,-N-C 0 

_ 

^ A 

1 1 

\/' 

^ 1 1 

W 

1 1 
\A 

NO^ 

NH, 

NH„ 

(IF.) 

(V.) 

(VI.)' 


p-d. mmmnet-lhylffyrmmiilide ■ {B^s-formyl-'p-^^henylen emethyMi- 
amine) (V) results from the rediictio-n of the new nitro-derivative. 
Methylacetanilide, readily obtainable ' by mixing .' together methyl- 
aniline and acetic anhydride, ■ is successively ' converted into p-nitro- 
methylacetanilid© and ' " ' (as-aeetyl*p~ 

phenylem^metliyldiamiine) ' (VI). . -These - two ■ p-aminomethylacyi- 


'AcyPN(CH3)<^ 


HaO + Acyl-NCCHg)/ )> 


(Vni.) 



691 ) 


MOEGAN ANB GEIST : 


anilides wlien treated with nitrous anhydride in dry acetone solii- 
tioii give rise to diazohydroxides (VII), which conihine readily 
with dry ^-iiaphthoi, the condeBsat-ion being accoiiipaiiied by the 
■elimiiiatioii of a molecular proportion of water. 

The acyl ins th2ihi7ninohen:ten£Oso--^-nai}htlhols (VIII) thus pro- 
duced are identical with the products obtained by successively 
diazotising the p-amiiioBiethylacyianilides in aqueous solution and 
combining’ the diazoiiiuni salt with alkaline ^-iiaphthoL 

The foregoing diazohydroxides are obtainable as colourless, 
amorphous solids soluble in acetone and insoluble in ether or 
water, 

p-Aminoniethylbenzanilide and p-aminoethylbenzanilide when 
subjected to- the action of nitrous anhydride in acetone solution 
yield only oily diazo-derivatives ' (compare Morgan and Alcock, 
Im. cfX). 

Expekimsntal. 

I. f-Aminmn ethyl forinaniUde and its Acetyl Somolagtie, 

The starting point in these preparations was methylaniline, pre- 
pared by treating aniline with formaldehyde in the presence of 
zinc dust and sodium hydroxide (Eng. Pat. 514 of 1916). Methyl- 
formanilide was produced by heating the secondary base with one 
part of, concentrated commercial formic acid for eight hours, and 
obtained as a viscid oil, which was extracted with benzene. 

f-NitsometJiylfofinand^^ ' 2?T02<^ ^N(GH 3 )*COB[. — Methyl- 

forinanilide- (three parts) was dissolved in eight parts .of cold con- 
centrated sulphuric acid and nitrated with a mixture of two- parts 
of ' nitric acid (D' 1*42) and an equal Volume ■ of' concentrated 
sulphuric acid. The nitration was carried out at, 0^ ho 10^, ':,aiid 
thO' product poured on ice; , The. pale yellow precipitate was crystal- 
lised froin ■ alcohol, 'when it separate.d' in pale . yellow, prismatic 
crystals melting at 118— 12,0^: .y ■ 

,'0.*1643,g,ave 23*2 c.c. at 20P and; 752,/imM^^ N==li]*0:h ; 

requires" 15-55 per eent, ' 

' When,,; hydrolysed' with hot ■ 'co-ncentrated ■ hydrochloric ■ aci'd, 
p-nitromethylforiBanilide , yielded. . ■successively ' ;^>'iiitromethylaniliiie 
(m. ,'p., 1,62^) and : J^nit^ophenylmethylnitrosoamine (in. p., ,100^°), 
.thus'' de'mo.nstrating,; "the .orientation' of the entrant nitro-group, 
•The, yield of .'|>-iiitroin,ethylformaniiide from a .series of batches ' w.as 
about „ 'VO ''per ■•■nent. ,'. The acid' 'mother .liquors slowly .deposited, a 
more rea'dily 'Soluble nitro-compound," ■which, '.being, contaminated' 
with resinous by-product's, ■ was 'not further investigated.. - 
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j}-Amin-ometliylfoTmanilide ■ i^B.s-Formijl~^ylienyltn€methyldi~ 
amine),- — j^-HitrometkylforBianilide (10 grains) was added gradually 
to a mixture of 10 grams of iron filings, O'o gram of formic acid, 
and 30 e.c. of water -at 50°, The mixture was agitated vigorously, 
and the temperature, which tended to rise rapidly after each addi- 
tion, was not allowed to exceed 75°. After the addition of all 
the nitro-compound, the heating w^as continued at this tempera- 
ture for a few minutes, and the mixture was then treated wdth 
an excess of calcium carbonate and filtered quickly while hot. The 
p-aminomethylformanilide separated in feathery needles on cool- 
ing, and a further crop w^’as obtained from the washings of the 
residue concentrated in a stream of carbon dioxide. The crude 
product was crystallised from water, separating therefrom in grey 
needles melting at 129 — 130°: 

0*2213 gave 35*4 c.c, at 19° and 761 mm.*^*' N = i8‘68. 

C3H1QON2 requires ]Sr= 18*66 per cent, 

p-Aminomethylforinanilide was obtained by crystallisation from 
light petroleum in colourless needles melting at 132°. It darkened 
on exposure to light and air, especially when in a moist condition.'. 

^y-Amimmethylacetanilide. — Methylacetanilide was prepared by 
adding acetic anhydride (30 grams) to an equal weight of methyl- 
aniline. Much heat was generated, and, after cooling, the solution 
was poured into an equal volume of water. The acetyl compound 
remained oily for several days, but was caused to solidify by mix- 
ing with 2 c.c. of concentrated ammonia solution. 

Methylacetanilide (m. p. 100°), recrystallised from alcohol, was 
dissolved in four parts of concentrated sulphuric acid and nitrated 
at 0° to 12° .with 1*3 parts of nitric acid (,D 1*42) mixed w.ith an 
equal volume' of 'COiicehtrated sulphuric acid. The product 
obtained by pO'iiring the solution ■ on Tee and crystallisation from 
alcohol melted at 153°. It was red.uced by the method, already 
described in the case: of the formyl. 'derivative (above). 

p-Aminomethylacetanilide separated in brown needles, and was' 
purified' by crystallisation from hot water, when it 'was 'Obtain e^d 
in greyish-white needles, melting at 60°: ' . 

,. ' 0*1320 gave 18*4 .c.c'. N2 .at 19°'and .768 mm. .N'= 16*39, ■' 

, C0H12ON2 requires. 17*0.7 per cent."', 

'"Further erystallisation ' from- '■ light " petroleum g.ave' colourless 
iiec'dles .of the b'.ase melting': at .63?; .'G.U' 'expos'ure to air, .'the ..base 
assum'Od a, yellow,, colour. 

la .tM| aad., subsequent, analyses' . the'' ..nitrogen ,,,'Was ' measure's! ' over 
potassium hydroxide (50' .grams', in ,'100 ''g'.ram8.., of water).,, 
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II. Biazo-derivatives of ^-Ainmom^etliylaeylanilides. 

F ormylmethylciminoh enzene-^-diazohy dr oxide . — A soliitioii of 
^>aiiiiiiometliyIfornianiIide in dry acetone (twenty-five parts) was 
cooled to ■” I0‘° and treated witii excess of nitrons anhydride dis- 
solved in the same solvent. The diazo-compoimd, whicli was 
obtained as a greyish- wMte^ granular precipitate; bjr the addition 
of cooled dry ether, darkened rapidly on exposure: 

gave 41*8 c.c. No at 22*5° and 767 inni. N — 23*55. 
CtHcjOoN^ requires N = 23*46 per cent. 

: ' 111 is' prod act a'fter drying over quicklime in a partial, vaeaiim 
decomposec! violently at 1,31 — 132°. When , mixed witli dry 
iS-iiaplithol, the desiccated diazohydroxide combined to form an 
i4,2o-derivative with loss o.f water, the mixture b€com.ing damp. 

.4 c - 4 - dlazohydroxide,- — The ' foregoing 

treatment with iiitro'iis a:hhyclride applied to p-aminoinetliylacet- 
aiiiiide led to the production of a -colourless, , granular deposit of 
cliazohydro'xide precipitated by ether from the acetone solution,. 
The product on exposure to air and light assumed a pale yellow 
colour: ' , 

0*2018 gave 38*8 c.c. No at 2.2° and' 766 mm. N = 22*30. 
CgiliiOoNg requires N = 21*76 per cent. 

- The dried diazohydroxide decomposed violently at 131 — 132°, 
and when trittirated with 5-naphthol it combined to form an azo- 
derivative, water being eliminated. 

Comparative experiments on the diazotisatioii of p-aminomethy!-' 
beiizaniiide' and , p-aminoethylbenzanilide with nitrous, anhydride 
in acetone led only' to oily diazo-derivatives which formed ' azo- 
-compounds with j8-naphthol and similar phenolic substances' (com- 
pare Morgan: and Alcock, T.", ''1909,,' 96, '1323). 

III. Azo-derivatives of and ■ 

methylacetanilide. 

■ Formylmsthylamimhemdne-4.-azo-^-mfh-t^^^^ '. 

^T,his compound- , was -. prepared ..by direct combination between 
f oniijlmethylamiii'GbenK6ne4-diazohydroxid,e.' ' and dry ' ^-napMhol : 
or from; "the 'dia 2 o,nium" chloride' of . p-aminom,ethylf ormanilide pre- ' 
pared .in, aqueous '.solution and. combined with 'alkaline JinaphthbL 
Tlie/azo-^-iiaphthol. separated' as a^, dark ■ purple 'solid,,.' 'insoluble in' 
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a.queoii.s alkalis, btife dissolving in alcoliol to^ a magenta solution - 
Ifc separated from this solution in ill-defined crystals, v/liich, aftei 
washing with ether, melted at 160 — 16P: 

0*1426 gave 17*3 c.c. No at 25^^ and 763 mm. N = 13*81. 

^ 18 ^ 15 ^ 2^3 requires N= 13*76 per cent. 

p-Aiiiinomethylformanilide was diazotised and combined with 
the following phenolic substances: salicylic acid, o-naphthol-i- 
suiphonic acid (N and W acid), and S-amino-a-iaaphthol-S : 6 - 
disulphonic acid (H acid), giving rise to a series of azo-dyes, the 
properties of ivhicli are tabulated below. 

Azo-derivatives of '^-Aminomethylacylanilides. 


Base. 

Phenolic i 

Colour. 

Azo-dye. 

Colour with 
concentrated 
sulphuric acid. 

compound. 

Dyeing effect on 
wool (a) and silk {h). 


Salicylic 

acid 

orange- 

brown 

powder. 

a. 

brownish- 

yellow 

5. 

lemon- 

yellow 

orange- brown 

p-Axalno- 

methyl- 

form- 

anilide. 

/5-Naphthol 

ill- 

defined 
dark red 
nodules 



crimson 

N & W ” 
acid 

dark red 
powder 

russet 

brown 

brownish- 

red 

reddish-brown. 


H ** acid 

deep 

purple 

powder 

brownish- 

purple 

, 

“ royal ’’ 
purple 

■ dark brownish- 
red^ 

crimson on 
dilution. 


Salicylic 

acid 

‘ brownish- 
yellow 
powder ' 

greenish- 

yeilow 

golden- 
. yellow , 

bright orange- 
brown 

p- Amino* ' 
methyl* ' 
acet« 
anilide. 

I 3-Naphthoi ■ 

j 

i weli- 
1 defined 
i red' 

j needles 


I ' ^ " i 

; ■ . , i 

bright crimson 

1 . acid 

or ange- 
red 

powder 

■ ■ scarlet' 

scarlet 

reddish-brown 


j H ” acid 

purple 

powder 

bluish - 
purple 
reddened' ■ 
■■ by meta- 
chrome 
mordant ' 

Bor- , ■ 
deaux , 
. red. 

i ■ 

i 

t . " ; ■ 

1 ' 
i ' . ' ' '' ' 

i ' crimson 

i ■ ■ ■' . ' ' '' '' 


YOIj. ,0X111. , '■■■ ' M' M 



694 


WEEXEB AND CAEPENTEF. : 


A. ee tijlm ethyl aminoh enzene-i-mo-B-'^iaphth olj 

CH3*CO*N(CH3)-C6H4-N2“OioH6“OH. 

— This a20“derivative was obtained by grinding together acetyl- 
riietliylaiiiinobeii2enfr4-dia2oliydroxid6 .and ^-napMhol ; the mixture 
rapidly turned red and became moist owing to the elimination of 
water due to the aso-condensation. ' It, was also prepared by 
diazotising p-aminomethylacetaniiide in cold concentrated hydro- 
chloric acid^ the solution of the soluble diazonium chloride being 
added to alkaline jB-naphthoL The product crystallised from 
alcohol in well-defined, transparent, red tablets or flattened needles 
melting at 139^ : 

0*1414 gave 16*1 c.c. No at 17*^ and 766 mm. N = 13*34. 

C20HJ7O 2N3 requires N = 13*15 per cent. 

p-Aminomethylacetanilide was also combined with several other 
phenolic substances, giving rise to the above azo-dyes. 

The authors desire to express their thanks to Mr. A. W. H. 
Upton, A.C.G.F.C., for assistance in the preliminary experiments 
of this investigation. 

City & GtothiDS Tbohkioai. College, FinsbueYs 
Leon-abb Stbeet, 

City Roab, London, E.C. 2. [Recewedf Augusi 2 nd , 1918.] 


hX.—The Constitution of Carhamides, Part VII. 
The Mechanism of the Synthesis of Urea from the 
Interaction of Carbonyl Chloride and Ammonia. 
Part , VIIL The Formation of Urea and of 
Biuret from Oxamide 

By Emil, Alphonse Wernek and (Part VIII.) George Kingspord 

Carpenter. 

The' formation , of urea .from the interaction of carbonyl chloride 
and, ammo, ttia ' has been, generally considered to be a ,dmect change, 
analogous, for example, to the formation, of acetamide from' the 
interaction of 'ac,etyl chloride and 'ammonia. Por.hhis reason, ,this' 
synthesis of 'urea is, invariably set 'forth as ^ 'conclusive'^ 'evidence of 
the "carbamide;’ formula,'.' This, is,' mainly 'd:ue to the fact that' the 
.so-called ' secondary, .products' have' 'been ignored, so' far 'as' their, 
beari'iig.'on 'the; mechanism nf the' eh'an'ge 'is conce,riied.,' '" Given'' ' the 
■co,nside,ratioii'''' they ,',deserye,, they' clearly indicate the,, true „origi,'n„Gf, 
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urea in this reaction, which in truth is no more than Wbliler s 
synthesis in another form. 

Nataiisoii (A^iiuden, 1856, 98, 287) hrst isolated urea from this 
reaction, Regnault (Afu^. Chim. Phys.^ 1838, [ii], 69, 180;) having 
obtained indications of its formation. 

Boiichardat (Gorn-pt. rend,, 1869, 69, 961) showed that cyaiiiiric 
acid and amiii elide were formed in addition to urea: Fenton (T., 
1879, 36, 793) suggested that urea ^vas possibly the result of a 
secondary reaction, on account of the small proportion obtained. 
Hantzscli and Stuer (/icr., 1905, 38, 1041, 2326) found cyamelide 
as an additional product when ammonia was passed into a solution 
of carbonyl chloride in light petroleum at 0^. This fact is of 
interest, since it confirms the author’s theory of the constitution 
and polymerisation of cyanic acid (T., 1913, 103, 1017). 


Origin of Urea, and Formation of Biuret in the Interaction 
of Carbonyl Chloride and Amnionkh 

If urea had the ' carbamide ’ structure, there appears no reason 
why it should not be formed in quantitative yield without the 
accompaniinent of several secondary products. In view of the 
evidence, it is remarkable that no explanation of this has yet been 
suggested. 

The cause undoubtedly lies in the recognition of the fact that 
there exists no tendency to the formation of a compound contain- 
ing the system IC(NH 2 ) 2 , since this cannot form a part of a stable 
molecule (this voL, p. 624). 

It is evident that the formation of cyanurie acid and of cyamelide 
arises from the polymerisation, of cyanic acid.(HOCN HNICO), 
generated according to the scheme : ' 

HOCN Cyamelide 
HH,G1 . ' ■' 

C 0 <^| + 2 NF 3 — >CO<yj ^2 |j polymefmtion 

Cyanurie acid. 

Cyanic acid being ge.nerated in . the- presence of aiiimoiiia, the 
origin of urea in, this synthesis is . self-evident. , ' In support of this 
explanation of the change, .it was found' that biuret, constituted, 
a larg.e part of the secondary products, since it, was shown (T., 
1913 ,, 103 , 1014 , 2278^ P.,1914, 30, 262) that whilst biuretMs; 
formed from the union' of, cyanic acid' and' urea,, ammelide is formed 
from the'' interaction, of cyanic:' acid and biuret. It is not, surprising 
that the formation , of the latt'er 1ms 'been. .'overlooked '.by previous 
investigators,, since, there was- ' no '.reason , to .expect its .prod'Uction 
'according to ■the''iisU'al,',but 'incorrect, .'View .of ...the :Gha,nge,., 
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III order to place on record information as re,i;-a:‘(]s tlie reliii've 
proportions of the different products formed, a qumititative stirlv 
of the reaction at different temperatures has been made. 

The following results were obtained after passing a curreiii oi 
dry ammonia into a 3 per cent, solution of carlionyl eliioride in 
benzene until decomposition w'as ■ completed : 


Expt. I. Exrjfc. II. Expt. Ill, 

Temperature 20 — 25° 40—50° _ 05 — 

Prociuets fornied Percent. Percent. Percent. 

Urea 31*7 37*5 4i-2 

Biuret 14-4 ,10- 1 7-8 

Amirielide 7-05 S-O lO-O 

Cyarmric aeid 3-45 0-4 5-9S 

Cyamelide 0-09 trace . ' none 


The results are expressed in proportion to the respective' theo- 
retical ' yields, calculated on the .following bases': thus COCh = oiie 
rriol. each of urea, ct’anuric acid, and cyamelide, since the two latter 
are fo'riiied frO'iii the polymerisation of cya,iiic acid., 2COCl,i'=oiie 
mol. of biuret, and SCOCh'^oiie mol. of ammelidei 

It will be noticed that' in Expts, I and II biuret' constitutes the 
chief p,rocliict' after 'urea,' and whilst - the yield falls' w,itli'ris'e ''Oi 
temperature, that of 'ammelide increases, since, -in agTeeiiient -witli 
theory (I{h\ c/A), the formation of. the latter from its precursor 
biuret is pro'i'noted at the higher temperature. . The conditions 
being unfavourable for the existence of free cyanic acid, the p'ro- 
portion of ' cyan uric acid generated .was eoiisec|ueiitly small. 

After the crude product from Expt. I had been shaken with a 
small quantity of pure alcohol, etln^l allopliaiiate (=5*3 per cent, 
of the theoretical') was extracted 'from the benzene-aicO'hol filtrate. 
This could only have resulted from a reaction with cyanic acid 
generated from the sulDstance, •NHa-COCl,' present in the original 
prO'duct,'thus, 2NHyC0ClpaH,*dH = C 4 Hs 03 K.-. 2 HCL ■ " .' 

Whilst the total chlorine content of' the -carbonyl chloride was 
aecoiiiited for as ammonium chloride. and a small quantity of chloro- 
" form amide,, it will be -se-en, from the sum 'of the other products, 
taking an average for . the three expe^riments, that only about 62 
per. cent, of the' carbonyl group was recO'Vered. The deficiency was 
due to 'decomposition _ of ■ carbo'iiyl chloride by water generated 
siiiiiiltaneO'Usly, with the formation of ammelide^ thus : 

+oc:nh HN<^Q/^> c;yii. + H„o. 

"When , ammo'iiia^' dissolved in 'benzene was added to an excess of 
''' ca'rbo,iiyI chlo'ride .in ..the ■ same solvent (ratio,- 'COChp the 

;.yie.kl of urea' was , 'equal to only '4*6 .per ' cent.- of the theoretical. 
■..Oyameiide.. 'tail'd ..'Cy.an'iiric.-';aei'd' were formed, in "appreci'able 'amomit ; 
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biuret and aiiirnelide were absent. Ybliilst riiiicli car'ooiiyl idiloride 
was 11 11 Gil a aged , tlie solution contaiiiecl 19 percent, of tlie theoretical 
yield of the coiiipouiid. NH^'COCl (Expt. lY). 

Boiicliardat’s (for. rif.) eoncTasioii that giiaiiidiiie 'was tornied in 
this reaction cciild not be conniiiied. 

Ill support of the author's contention as regards the system 
ICcNH.,)... aTid in eonfirniation of the present theory of the forma- 
tioii of' urea in this reaction, it may be pointed out that thiourea 
is not formed from the interaction of aninioiiia and tliiocarbo'i'iyl 
eliloihde. The fact that ammonium thiocyanate is produced instead 
siipidies a corivincing argument'. 


E X P E 'lr I M. EX T AL. 

The following inetho'd was adopted in obtaining the results given 
under Expts. I, II, and III: 12 grams of carbonyl cliloride dis- 
solved ill 400 c.c. of freshly distilled benzene were placed in a 
stout, wide-iiioiitlied bottle provided with a cork which carried 
a delivery tube;, tiiermoineter, and exit tube. A slow current of 
dry ainnioiiia (generated as described later) was delivered on to 
tile surface of the liquid, which ivas Ire'pt continuarijr agitated. 
On account of 'the rather ■ gelatinous fO'riii- of the product, 'it was, 
scarcely possible to ensure uniformity in the prO'gress , of ' the reac- 
tion or to maiiitai'n a ' constant temperature. In Expt. I, the 
vessel was immersed in water -at fP, in Expt. II in 'water at 15'^, 
ill Expt. Ill no artificial cooling was used. The higher tenipera- 
tiire given reprevsents the maximum attained during the progre'ss 
of each experime'iit. 

The details of Expt'. I will suffice to illustrate how the different 
prO'diicts were estimated. 

The solid iiiaterial, after 'being, ivashed with benzene, was 
collected, dried, and extracted with warm ■ alcohol ; the residue 
12 ’04 grams of aoimoniuin chloride present), oii treatment ■ with 
water, left 0*436 gram of insoluble matter, -from which 0'4 gram, of 
aiimieiicle was ’-extra eted by ■ solutio'ii in sO'dium hydro, xide. Hence 
'Cyanielide , present = 0'036 gram. The alcoholic extract was con-,, 
ceiitrated by' 'evaporation to a small voliune; 2*25 grams of crystal- 
line matter ,(J, ) separated , after cooling, .and the mother liquor 'Oii 
e'vaporatioii ' to 'dryness left ' a Tesiclue (7i) = 2.*.45 gTams. 

, ■ Product (.-1 ) '.eoiitaiiied ■ 0-96 gram of anmioniuiTi chloride ,aiid 
O'* 95 gra'in of urea ; ,cyanuric ■■acid was 'absent, and , the- '.remainder 
(0*34 g,raii'i) was chie'fly -ethyl alloph.anate with, a trace o,f; biuret, 
P,ro,d,iu*t d'/i)' 'was 'dissolved 'in 50 'C.e, '"o'f ' 'w^ater. ' Cyanuric acid was 
■esti'i'iiated. in ',, an', aliquot portion.,' 'by 'titration " w,i,th A'/-lCl-sodiui.ii 
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!iy dr oxide, using plieiiolphilialeiii as indicator : required for total, 
14 cx. J'/10~NaOH = 0‘18 gram C3H3O3N3. 

Biuret was estimated colorimetrically, as previously described 
(T., 1913, 10’3, 2282). Pound, 0*897 gram; it was also separated 
ill cr3?'stalline form and identiiied (m. p. 192°). 

Urea was estimated in tMs solution by precipitation as nitrate, 
wliicli was washed with ether, dried, 'and weighed. 

Urea found = 1 ’36. Hence total urea (xl) 4- (^) = 2*31 grams™ 
31*7 per cent, of the theoretical amount from 12 grams of carbonyl 
chloride. 

Since guanidine can be detected with ease, even in a 0*1 per 
cent, solution and in the presence of urea, and of biuret by means 
of picric acid, its absence was proved by the negative result obtained 
with this reagent. 

Expt, /F . — Lnteractioii of Chirhonjfl Chloride and Tmo^ Molemlar 
Fropartions of' Ammonm. — 4 grams of carbonyl chloride in 
100 c.c. of benzene, 0*68 gram of ammonia dissolved in 200 c.c/of 
benzene was added. 

The precipitated material ■ was washed with benzene, collected, 
dried, and extracted with alcohol. ' The- amount of urea found in 
the resulting solution, after removal of ammonium chloride,' was 
0*0278 gram™ 4* 6 per cent, of the theoretical. The benzene filtrate 
was shaken with a slight excess of pure, sodium hydroxide solution, 
to which, after neutralisation, an excess of silver nitrate was added. 
The washed precipitate of silver chloride and silver cyanate was 
digested with dilute nitric acid to remove the latter salt. The 
resulting solution required, for precipitation of the silver, 76*8 -c.c. 
of *T/10-potassiimi thiocyanate, equal to 19 per cent, of the 
theoretical ainoimt of the compound, NH^-COCl, present in,,, the' 
benzene solution ; thus NH.->*COCl -f 2]SfaOH = HaOCN + KaCl 4- 
2H2O. ' . 

J'Ote 'ori a Gon/vement Method for Mitaininp 'a ConilMnimis Cnrn-nt 
of Fp'P Arnmoma ‘with out the Application of Heat, 

' The following method' has given admirable results, and it seemed 
w,orth, while to place it on record. It is' adaptable tO' any scale, 
iind where, for, example, it was’ required to^ saturate S litres of 
alcohol with, dry ammonia, the procedure wms a,s follows. 

' Amiiioiiia .solution (D ■ 0*880), was. allow- ed to drop' from a 
separating funnel at a regulated rate, on ,400, grams of commercial 
sodiiiHi'.hydroxkle, in coarse 'powrd'er, contained in a .round-bottomed 
ilask . of .about,' .4' litres .capacity. The ■ gas , "was rapidly liberated, 
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and the temperature of the mixture gradually fell to iiearl}^ zero. 
Tile process required no attention beyond occasionally replenishing 
the supply of ammonia solution ; nearly 90 per cent, of the aiiinioiiia 
from 1500 c.c. of the concentrated solution was obtained without 
any application of heat. In order to avoid interference wdtli the 
continuity of the process through the effects of back pressiirCj it 
was necessary to connect the limb of the separating fiiiiiiel with 
a short length of glass tubing drawn out to an aperture^ of about 
0*5 mm.j whereby the necessaiy hydrostatic pressure was iiiaiii- 
taiiied. 

Summary, 

(1) The synthesis of urea from the interaction of carbonyl 
chloride and aiiiiiionia does not supply evidence in support of the 
' carbamide ' formula. 

(2) A quantitative study of the interaction, and the nature 
and number of the secondary products, has shown that urea is pro- 
duced from the union of ammonia and cyanic acid (in the keto- 
form), generated from the decomposition of the compound, 
HoN’COCl, produced in the first, instance. 

(3) It is shown, for the first time, that biuret is a product of 
this reaction. 


Part VIII .—The Formation of Urea and of Biuret from 
Oxamiide. [With George E-ingseorb Carpenter,] 

Many years ago, Williamson {Memoir j Congres. Scientif. de 
Venise^ 1847 obtained urea by heating aiiiixtiire of oxamide and 
mercuric oxide. This has been accepted as- evidence of a close con- 
iiexioii in constitution between urea and the diaiiiide, the latter 
being supposed merely to lose- a carbonyl- group in the change. 

. An investigation of the mechanism - of ' the formation of urea has 
sho'Wn,, ,as expected, that mercuric' oxide plays no part in its pro- 
duction; thus, when mixtures' of oxamide and mercuric o^xide -in-, 
different .proportions - were 'he^ated to, the temperature ,(230 — 240^,-),- 
,at " which the, .oxide was .completely .reduced, no, urea could, be ' 
detected in the prod,iict , (Expt. I).-- - , ' ■ 

' ' Wheii' -oxamide was heated’ to,' a .’'temperature Just sufficient , to'^' 
effect complete volatilisation, ■ ammonium ;cyaiiate, urea, aii’d biuret 
'W’^ere. found in the sublimate, -whilst ammonia, , water, .carbon mon- 
oxide, and hydrogen, cyanide' were evolved., 

' * .It -was "not possible- to consult .the ongmal- paper., ' 
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The (lecom position is brought about as follows: 


<»> S' 


> HOCN = NH,OCN 


.IX 


It 

ho-c:nh 


ra! ^ II 

^hn:co + cohji, 


B^O -f o/ 


o:nh 


hn:go + hgn. 




c:nh 


Since aniinoiiia was first evolved (at about 110°) wlietlier 
mercuric oxide was present or not, it is evident that the formation 
of urea from oxaniide, in accordance with (a)^ is but another ex- 
ample of Wohler's synthesis. 

The respective yields of ammonium cyanate and of urea were 2 '9 
and 4*18 per cent, of the theoretical when oxaniide- was rapidly 
heated and the vapours quickly condensed by artificial cooling. 
When the amide was slowly heated v/ithout further precaution, the 
yields ivere 2*4 and 2*6 per cent, respectively, whilst the foriiiation 
of hydrogen cyanide was more evident than in the former case 
(Expts. II, III, IV, and V)* The formation of biuret is accounted 
for by the above explanation of the mechanism of the decom- 
position.. 

It may be mentioned that when .s-dimethyloxamide was heated 
with mercuric oxide to 240°, no dimethylurea was formed ; when 
the amide was heated alone, whilst the greater part volatilised uu- 
changed, there was decomposition, represented by the scheme : 


CO-NHMe 

C"0-NHl'Ie 


Of) 

NB^Me-b 


COyF Me'NC. 


This change is being further investigated. 


E X P :E II l M E N T A L . 

Et€pt. 1 . — "All intimate mixture of T76 grams of oxaniide and 
4 * 32" grams of Aiiercuric" -oxide was heated "in a ■ test-tube partly 
immersed in ■ glycerol. Ammonia - was evolved at ■ 110,°, and at 
230—240° the colour of the mixture changed to grey and the heat- 
ing was stopped.. The cold residue was extracted . with 10. c.c. of 
wa,ter,, but no '4.1 re a, could be detected in' the solution, even by iiieaus 
of the 'extremely delicate .xanthhydrol ’ test.,, :Tlie experiment was 
repeated, with, di'fferent ■proportions of' the two sid',',)stances, with, a 
simi'Iar result. ,; ■■■•'■ 

//.— Two , grarnS'' of 'oxaniide were, heated in a liard glass' 
tidie hplddior'i,740,n,tally;untilth'e.whole had sublimed. The snldimate 
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was extracted with cold water, and to the solution 10 c.c. of 
d' /10-silver nitrate were added, 5 '65 c.c- being required for the 
precipitation of the ammonium cyanate present, which was there- 
fore equal to 2*49 per cent. 

Emjjt. Ill, — ^^The- above experiment was repeated, but the fore- 
part of the tube was cooled with a circular current of water; 6'S 
c.c. of iY/ 10-silver nitrate, were required; hence 2 ‘9 per cent, of 
the theoretical amount of ammonium cyanate was present. 

Eaypts. IV ami V, — Two grams of oxamide were heated as in 
Expt. II, the aqueous extract, after removal of ^ cyanate;’ being 
evaporated to dryness. The urea extracted by alcohol from the 
residue gave 6-66 c.c. N 2 at N.T.P. on decomposition with alkaline 
sodium hypobro'mit6 = 2*61 per cent, of the theoretical; 10'68 c.c. 
ISr 2 at N.T.P. were obtained from the urea produced under the con- 
ditions of Expt. Ill, which corresponds with 4' 18 per cent, of the 
theoretical amount'. 

Summary. 

(1) Urea is not formed when a mixture of oxamide and mercuric 
oxide is heated to the stage at which the oxide is completely 
reduced. 

(2) The synthesis of urea from oxamide is the result of the 
generation of cyanic acid and ammonia from the decomposition of 
the amide. 

UxivEBSiTY Chemical Labobatory, 

Trinity College, 

Dublin. ■ IRmeivcd , July IBth , 1918 .] 


LX.L— ^ Neto Method for the Determmation of 

Conductivity. 

By Edgar Newbery. 

■The . convenience and simplicity of Eohlraiisch’s method , for ■ the 
determination of the conductivity of .aqueous solutions has' been 
'SO' long' recognised that .at: the present time no trustworthy data on 
'.this subject exist. which, have not, been obtained by the' abO’Ve' method' 
or some .slight modification of' it; 

'Fiirtlmr,. all conductivity vessels are standardised , with ■ the,' aid 
of the original values ■ given ■ by Kohlrausch for potassium chloride 
solutions. '■' 

'A', critical "exa,miBation ■ of' '.the.- method ■ sh owa^' .'how ever, '.....that' it is 

/ ■ 
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based on several assumptions which have not so far been experi- 
iiieiitally proved correct. The following are the chief objections 
to^ the method. 

(1) It is assumed that by using alternating current, all polar- 
isation effects are eliminated. 

Taylor and Acree (J. Arner, Cliein. Soc.^ 1916, 38, 2396 et seq,) 
have studied this subject, and have shown that consistent results 
with simple electrolytes can only be obtained by using a perfect 
sine wave current and extrapolating the results thus obtained to 
determine the conductivity when the frequency is infinite. It 
appears probable, therefore, that with these precautions polarisa- 
tion is absent in the case of simple electrolytes, such as potassium 
chloride, but when certain other electrolytes are used, especially 
with insiifificiently platinised electrodes, it is by no means certain 
that decomposition of the electrolyte, with consequent polarisation 
of the electrodes, does not occur. To quote an extreme case, an 
alternating current passed between copper electrodes in a concen- 
trated solution of potassium cyanide* dissolves the copper with the 
same efficiency as direct current when the frequency is not greater 
than 1000 per niinute, and with an efficiency of 33 per cent, when 
the frequency is 38,000 per minute. Since very small traces of 
polarisation may exert very great influence on the measured con- 
ductivity, it follows that grave doubt is thrown on the trustworthi- 
ness of many of our present conductivity data. 

(2) It is assumed that conductivity is independent of current 
density, current concentration, and type of current (direct or 
alternating). Whilst this is probably true in general, it has not 
been sufficiently investigated to be relied on in all cases. 

(3) Errors are introduced by self-induction, electrostatic 
capacity, shape of conductivity vessel, etc., the corrections for 
which are troublesome and of doubtful accuracy. 

It is tliei*ef'ore very desirable to devise- a method of measuring 
conductivity which will utilise direct current and completely 
.eliminate the effect of polarisation at the electrodes. , ' 

E XP ERI MENTAL. 

The method described , is . a simple modification of a common 
.method" ior measuring the..' resistance of a metallic conductor by 
determining the fall of' potential along it. during the passage of a 
knowii/current. . 

'."Altogether, seven ..different forms- .of ■ the ■ apparatus were con- 
.striicted, but the principle of. them all may be seen from Fig. 1, 
which, shows the-'' most Vcmnveniah^ for general use in, 'obtain- 



BETERMIlSrATION OB’ CONDUCTIVITY* 


703 


lug relative values, and Fig. 2, -wliicli shows the iriost accurate 
form for the det©rmiB.ation of absolute values. 

Ill using the first form of apparatus, a small but constant current 
is passed between the electrodes along the tube and 

also through a standard resistance. Standard electrodes (calomel, 
mercurous sulphate, etc.) are constructed in the vessels CyJo? 
these are connected with an accurate dial potentiometer reading 
to five significant figures. The extremities of the standard resist- 
ance are also connected to the same potentiometer, and by means 
of a commutator, the fall of potential along the tube /tj/lo and 
across the terminals of the standard resistance may be measured 


Fim 1. 


C, 




A/ 




in rapid succession, 
then given by 


The specific conductivity of the electrolyte is 


^ X I, 
VE X 


where I) is the distance between the electrode tips F the 

volume of the liquid in the tube between the same points, E the 
standard resistance, and x and // the potential .differences between 
the electrodes CiO^ and between- the terminals, of the standard 
resistance respectively.'. All measurements described .were carried 
out with the -apparatus immersed i-n a thermostat at 


ChyndufEMnf If of Chlonde at 25 *^. 

'For' this purpose, the apparatus shown ,, in Fig. 2 was .used. A' 
burette''(50 c.c.)' was chosen 'nut of' a. 'large number such ■ that -the 
graduations were as uniform as possible, and, carefully ca-ii-bratecl 
by a" weighing method .with .mercury, -'the exact, ' distance ':betwean 
-the' -' first , and last ' markings being , determined 'with ' ; .the" , : catheto- 
nieter , , (These , .measurements - were . repeated ■ ,a,ftier constr'ucti'on''. of 
'the 'apparatus'.)'^ :: "The,, ''tap.f'waB'^then'-. cut'.mff., ' standard ' ^.eleetrode,:' 
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vessels were sealed on as shown, with the ti|:)s cesitral and exactly 
o|)|)osite th€^' end graduations, and large side-tubes, sealed 

on well behind the electrode tips. These side-tubes were connected 
with the xiiaiii electrode vessels 

Errors due to* expansion of the glass, irregularities in the tiil:)e, 
etc., were calculated and found to amount to not more than O'OOl 
per cent. 

The electrodes used in all four vessels were calomel, great care 
being taken to secure purity of mercury and calomel. Before use, 
the electrodes were connected through a sensitive galvano- 

meter. If any deflexion was observed, they were short-circuited 
for some time until no difference of potential could be detected. 

The main electrode vessels were 8 cm. high and 5 cm. in diameter, 
the mouths being closed with well-fitting corks to prevent 
evaporation. 

The standard resistance, 99’84 ohms, and, the thermometer used 
were calibrated at the National Physical Laboratory. The 

Fig. 2. 


1 



galvanometer was a moving coil instrument sensitive to ampere. 

By varying the strength of the main current between 0*1 and 
5 milliamperes, readings wm'e taken' on very, varied portions ■ of the 
potentiometer. 

By repeatedly changing the direction of - the main current, errors 
di,ie to concentration chang-es' in the electrolyte and inequality of 
potential between 'and were eliminated. By experiments 
with other forms of the apparatus, using differ-ent lengths of tube 
■and different sized electrode- tips, it was found that errors due to 
uneven how of current in the immediate neighbourhood of the 
electrode tips are not greater than O' 01 per cent, if the diameter 
of these tips is not more than 0*1 of that of the main tube. 

The - chief , difficulty experience-d in- all these experiments lay in 
securing ,a perfectly, constant main current. The. use of calomel 
electrodes of ■ large, area 'and .small . currents was so, far successful 
in, this -case: in , overcoming this' difficulty -that long series of closely 
agreeing, '"results' -w-ere easily, 'obtained. . , Other, 'devices ' for the. .same 
purpose- -are described, .later., 
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Fimfimiioii of Materials . — Tlie water was redistilled, using ,a 
till condenser, and liad a conductivity of 0-5 x 10"^ nilios. 

'The mercury was redistilled and sprayed through dilute nitric 
acid several times before use. 

The calomel was washed with water and well triturated with 
mercury and potassium chloride solution several times before being 
placed in the apparatus. 

The potassium chloride was a special product, guaranteed pure 
by the manufacturers. This ivas precipitated from a saturated 
solution by means of hydrogen chloride, dried, and heated tO' dull 
redness, and again precipitated from a hot saturated solution in 
conductivity water by rapid cooling. After drying and heating to 
dull redness, it -was weighed out and the solution made up at 18° 
to the strength used by Ivohlransch (74-59 grains per litre at 18°). 
This solution was made up, ah initio, three times, starting with 
different samples of the original salt, and no difference in con- 
ductivity could be detected in the three solutions. 

The solution was exactly neutral to indicators, and no trace of 
sulphate, carbonate, phosphate, or nitrate could be detected by 
the usual tests. Quartz vessels were used wherever possible in the 
preparation of the salt, and all glass vessels were well steamed out 
shortly before use to avoid the introduction of sodium silicate. 
The flame spectrum showed the sodium lines somewhat feebly, but 
no other ingredient. Since the presence of as much as 1 per cent, 
of sodium chloride in the potassium salt would only raise the 
conductivity of the solution by 0-05 per cent., it is improbable 
that any appreciable error exists due to impurity of the original 
salt. 

Eesidts . — ^^The readings were ■ generally taken in .sets .of ten, the 
potential fall along the tube and the standard resistance being 
taken in alternate order to compensate for slight changes in .the 
main current. . , After reversal ■ of the current, another set . of tei,i 
pairs of readings, was taken. The current was. then broken '.and 
the apparatus left for a few hours -before repeating the observations. 
The whole 'was then cleaned .out, dried, a.nd .refilled-, with fresh 
solution. 

.' Of . 10-0 results -thus obtained ■ for the specific conductivity' '---of.. 
A-potassiiim .chloride, 20’ gave 'the value 0*1126 mho.,' 29 gave '.the..' 
value 0*1125 mho., mild 51 gave 0-1124 mho. at 25°. 

The average value is the^refore-'.. 0*1 1247 mho., which .is "'higher 
than, that given by Kohlrausch - by Q''6' per cent. Since the current 
used by Kohlrausch was. obtained' from, a' small induction ,coi'l-,.-w,hich', 
does not give .a. 'Symmetrical alternating' current, polarisation." effects 
were probably.', present,'; and .-his 'res.ult is- proba.bly.' 'too low. " '.It' is,'. 
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uiiiikely tliat the error' in the present work exceeds 0*1 per cent., 
and 0*1125, is therefore nearer the true value than 0*1118, 

Sodiuni Chloride Saturated at 25'^.— Similar precautions were 
taken to secure' purity of materials as in the c,ase of potassiiiin 
chloride. 

The solution was made by shaking excess of the pure salt with 
conductivity water at 60^ for fifteen minutes, and allo'wi,ng to 
remain with occasional shaking for twenty-four hours in a ther'iiio- 
stat at 25'^. Calomel electrodes were used as before. 

The final value obtained was 0*2520(5), which is greater than 
that given by Kohlrausch by 0*3 per cent. 

IS-Silveyr Nitrate (169*89 grams per litre at 18°).— The main 
electrodes in this case were plates of pure assay silver, “1000 
quality.'*’ Secondary electrodes of the same material were, tried, 
but were not so satisfactory as calomel electrodes with a connect- 
ing liquid of iV-potassium nitrate. 

The value obtained for the specific conductivity was 0*07796 
mho. at 25°. 

The value calculated from that of Kohlrausch and Steiiiwehr 
{Sitzmigsher.. 'li . Ahad. ]F4^s. Berlin, 587) by means of the 
temperature coefficients given by Deguisne Strassburg, 

1895) is 0*0779 mho. at 25° 

IS-Sulphuric Add (49*043 grams per litre at 18°).— The purest 
available materials were used, and the acid was estimated gravi- 
metrically by precipitation with barium chloride and volumetric- 
ally by titration with sodium carbonate. 

Mercurous sulphate electrodes were used for both primary and 
secondary electrodes, and were found to be satisfactory only if 
used within twenty-four hours of making up. After this time, the 
mercurous salt gradually dissolves in the acid, iiicreasing its con- 
ductivity by O'l'per cent, in three ’.days, and ,still more on longer 
Iteeping. ' This raises doubts as- to ■ the trustworthiness ■ of the 
mercurous sulphate- electrode for-- prolonged investigations. 'No 
tliange could be detected within the first twenty-four hours. 

';The value O'b-t-ained for the -specific conductivity was 0*2137 mho. 
-at 2,5°. ' 

Kohlrausch - gives" the value, 0*1980 mho. and Loomis {Ann, 

' P% 5 .- (7/2'm., 1897, -[iii],^ 547)' gives 0*195 mho'., both, at 18°. 

Using" Uotrian^s'. data " for te-mperature coefficient' {Ann, Phys, 

■ 18-74, [ii],', 151,. ,'378), these give the values" 0*2220 and 
'0*2186 'respectively at ','25'°, 'which exceed the. value found here by 
3,‘6'.a'nd ■'2*2 per-, -cent. /respectively. 
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Summanj. 

A form of coiid activity apparatus is described in whicli direct 
current is , used and disturbing effects of polarisation at the elec- 
trodes are eliminated. 

Til© following values have been obtained for the specific com 
diictivity of solutions in mhos, at 25°: 

*¥-Potassium chloride (74*59 grams per litre at 18°), 0*1124(7), 

Sodium chloride saturated at 25°, 0*2520(5), 

:V-Silver nitrate (169*89 grams per litre at 18°), 0*07796. 

.A-Sulphuric acid (49*043 grams per litre at 18°), 0*2137. 

In conclusion, the author wishes to thank Prof* A. Lapwo.rtli 
for his interest in this work. 

ElectPvO -chemical Lab obatobies , 

Manchester University. [Received, Mmj Zlst, 1918.] 


LXIL — The Abnormality of Strofig Electrolytes., Part, 
III. The Osmotic Pressure of Salt Solutions and 
Equilibrium hetioeen Electrolytes. 

By Jnanendra Chandra Ghosh. 

In the previous papers (this voL, pp. 449, 627) it has been shown 
that the number of free ions in a given solution containing a gram- 
molecule of salt is 

■ ■ ■ • • • • 


where N is Avogadro's' number, n is the number of ions into which 
a molecule dissociates,. and A is the work, required to separate ' the 
component ions of a grarn-molectile- to. an infinite distance apart 
at that particular dilution.' It has also been established that only 
these free ions take part in the conduction of electricity through 
■'solutions . 

..An ' eq'iiatioii. of state free from any . arbitrary assumption was 
deduced by Clausius ' •(P/i.iL ' Mag., l%n, .[iv],. 40, 12'2 ^ Jeans, 
'‘ Dynamical Theory of Gases,!' 2nd edition, pp. 141 — 145) from 
purely' ;dynami.cal principles, which - takes into account' the forces^ 


of molecular attraction. His theorem PV 


2 ' ' . ' 

kinetic energy^— 


~ virial is- specially ■ suitable ■'■for .applicatm^^ to’ .s-ait solutions,, since 
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the work necessary to overcome the forces of electrical attraction 
in this case can be easily calculated. Milner {Phil. Mag., 1912, 
[vi], 23 , 551 ; 1913 , 25 , 747) has already developed a method for 
calculating the virial of solutions of univalent binary electrolytes, 
and has shown that the Clausius theorem agrees well with experi- 
mental results. No relation between the activity coefficient — 

and the osmotic pressure of salt solutions has,, however, yet been 
established on the basis oi complete ionisation at all dilutions. We 
have seen that the molecular conductivit}’’ is proportional to' the 

A 

iiuniber of free ions, Since at infinite dilution 

d=:0, 

llv — 

— =^0 nliT 

Poc 

o:r 

A - nETloge— (^) 

which holds good for all types of salt solutions. Here /I. , of course, 
is the virial, and P V thus becomes equal to 

7iET 

=«Bir[i-ii<Dgd}, 

or 

i = a.|l-ilog«lj . . . . . . (3) 

According to Arrhenius, on the view that in a solution we have 
an equilibrium between ions and undissociated molecules, 

+ , > . . . . . (4) 

At infinite dilution, equations (3) and (4) lead to the same limit- 
ing" value of At other dilutions, the two equations give 

different results. In this’ .■ paper ■ it is proposed to ' examine which 
of these equations agrees best with actual observations. 


IJetfyrmhuiMori of' M for Univalent Bmary Electrolyte^ at VaAoas 

Dilutions^ 


It has already been; shown that the variation of activity-coefficient 
with dilution ' for ' univalent binary electrolytes is given by the 
equation 


N.EKl/m 


= 2i?riog,^“2i?2’logel. 
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The agreement with the- observed values is quite satisfactory for 
dilutions of 10 litres and upwards (Part I). Tbis coincidence 
becomes, however, less perfect as the concentration increases. This 
is certainly due to the fact, suggested by Washburn (/. Amer, 
Okeni. Soc., 1911, 33, 1464), and later emphasised by Noyes and 

Palk (ibid., 1912, 34, 458), that the ratio is not a true measure 

P-oc 

of the activity-coefficient. A correction for change in ionic 
mobility, due to the change in the viscosity of solutions with dilu- 
tion, is necessary; the ratio - furnishes a much closer 

pec V(X 

approximation to the true values of the activity-coefficient than the 

ratio . Taking into account this correction for viscosity, the 
Pec 

equation for univalent binary electrolytes becomes 

4 = =2EriogA. • (5) 

II. PvVv 

From table I it will be evident that, with this modification, the 
above equation can be very well applied to concentrations up to 
0*5 A, In the table, the values o-f /r,., and 7]^ have been taken from 
the paper of Noyes and Falk (loc. cit.). The striking regularity 
brought toi notice by these investigators, that salts of analogous 
constitution have the same activity-coefficient at the same dilution, 
is, of course, a necessary deduction of the above equation. Above 
0-5 A, the volume actually occupied by the solute molecules is not 
negligible. 

Table I.,’ T=:18^. 

Oalc. 

Extra- value of' 


poiation AtxVac 
value of from 


Salt. . 

1. NaOl 

Pet. Vet , . 

108*9 

PiqViq‘ 

109*8 

f calc, 

obs. 

2.-: 
82-3 
, ' . 84*2 

00 00 

00 * 

10. 

92-7 

’92-7 

' 20. 

. 96*1 
,„ ,,96*1 

2.: KCl 

', 1,30-0' 

132-5 

J ealc. 

iPvTiv obs. 

99-2 

101*3 

107*0 

107-5 

111-8 

11,1-8 

116*8 

,115*6, 

3. X,iCl , 

98-8 ,: 

'09-0 , 

calc. 
\PbVv obs. 

’■ ■74*2 
’■ ■75-5 

80*0 

,80-2 

83*6'’' 
,, 83*6" 

86^7 
- :86*6', 

4.: NBr ;' 

132-2 

l’34-,5 

calc. 
{pvVv obs. 

101-0 

101-3 

108-6 

109*1 

113*5' 

',113-5',' 

'■',ll7-6^ 
''; 117*4 

"s.: m 

131-2 

133-8 

/ eaXo, 

1 Mb obs. 

100*1 

101-4 


112*9' 

,■ 112-9 , 

" ' I16*'9 
„ ; ,116-7 


It; ,,, will be observed, that the’ difierence between the calculated 
value , of , and, the' .extrapolation ’..value, ■mbta.ined by means of 

empirical; equations, ds\w,ithm;.,...2,,.;p’'er> 
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Table II. 

F=2. 5. 10. 20. 50. 100. 

Them pi If al value of a for all uni- 
vah nt binary electrolytes accord' 

to f (jintion 5. Percent 74-8 80*8 84-4 87-5 00*0 924 


Variation of a with Dilution for Ttmary Elect rolyier^. 

For ternary electrolytes, the variation of activity-coefticieiit with 
dilution is very satisfactorily represented by the equation 


QN.BKym 

~d: . Iff 


= 3BT log. es&. = 3BT log. 1. 

fXv c& 


In table III, the percentage values of a, calculated from the 
above equation for various dilutions, are given. 


Table HI. 

10. 20. 40. 50. 100 

«=« 67*S 73-5 78-3 79-7 84-0 

Determinatiom of the Value of i for Univalent Binary 

Electrolytes, 

The method of determining i with sufficient exactness is based 
on observations on the lowering of the freezing point of salt 
solutions. Attempts were made to determine i from the diminu- 
tion of the vapour pressure of solutions (compare Menzies, Zeitsch. 
y)hysikal. ' Cheni,'^ 1911, 76, 231), but until the recent work of 
Lovelace/Frazer, and Miller (/, Amer, Gherri, 1916, 38, 515) 
the' methods' •were not sufficiently' ..accurate'. ' ThC'Se • investigators 
,'have succeeded in improving, the technique 'of the method to such, 
.an e,xteiit that the temperature of- the bath can .be 'kept constant 
within O'OOI^' foxv.more' than 'twelve ^'hours,.. and .^a pressure.' of 
O'OOOl mm. can be exactly 'measured. ' Th'C results obtained by them 
.are 'rather 'peculiar, inasmuch ■■ as the ’■ molecular lowering of, the 
vapour, pressure of a 'solution of .potassium chlo'ride remains constant 
as "the "'concentration, changes, from 2^- .to 0*2iV. Any opinion on 
these' results "..must; at present he' suspended, as the work is still in 
progress.,,,':.;.' 

The . method based on the lowering of the freezing point has 
been well investigated, and all the observations, with the exception 
of those of Ponsot {Ainn, GMm. 1897, [vii], 10, 79 ; 1899, 

16, 162), go to show thati continually increases' ii'ii til ''th'e.'liiiu 
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value 7/. is readied. Noyes and Falk, in tlieir valuable paper on 
tlie properties of salt solutions (./. Amer, Chem. Sac., 1910, 32, 
1020), have given a fairly complete account of the investigations 
on the lowering of the freezing point up to that time. They have, 
not attached the same weight to the data obtained by different 
investigatorvS, and hence their mean value of i is somewhat 
arbitrary. In table IV I have recalculated the mean value of the 
molecular lowering of the freezing point on the simpler, but still 
arbitrary, basis that the probable error of the various investigators 
is approximately the same. The value of i is obtained by dividing 
the mean molecular lowering of the freezing point by 1'858. In 
the footnote are given the references tO' the work of the investigators 
whose data have been utilised in calculating the mean value of i. 

The weighted mean of the ^‘ molecular number 1 ’’ for salts o-f the 
uni-univalent type, obtained by Noyes and Falk (loc. cU,, p. 1027), 
is included in- table VIII for the sake of comparison. It should 
be noted that this mean was obtained by excluding the data on 
the molecular numbers of lithium chloride and sodium bromide. 
The values’ of i for these salts, as will be seen from table IV, are 
always higher than the mean. For ternary electrolytes, Noyes and 
Falk do not give any weighted mean, but observe that the values 
of the molecular numbers are of similar magnitude, the range being 
2*57 to 2*68 at dilution 10 and 2*71 to 2*77 at dilution 50.^’ 


Table IV. 


Salt. 

F=:2, 

6. 

10. 

20. 

■ 60. ' 

100. 

KCF 

L800 

1-833 

1-862 

1-886 

1-922' .' 

1-947 

NaCP 

1-824 

1-860 

1-880 

1*897 

1-928 

l-'946.- 

LiCF 

— 


1-901 

1-912 

1-928 

1-937 

CsClA 

1-780 

■ — . 

1-878 

1-892 

1-930 

; — . 

NaBr® 

. . 

" 1-871' ' 

1-891 

1-911 

,, . — , 


KBr« ' 

1-813 

1-841 

1-870 

1-910 

1-929' 


Jones, 

.ZeitscJu 

phymhal. 

O/iem., 1883, 11 , 110; 

12, 639. 

Loomis, 


, Ann. Fhys. Chem., 1894, [iii], 51, 600 1896, .57, 496 1897, 60, 623 ZeAtmh. 

physikak Ohem.» 1900, 32 , 678 ; 1901, 37 , 406. Lewis, ibid.y 1894, 15, 366. 
Abegg and Nemst, . 1894,: 15 ,' 681 ; 1896, 20 , 207. 'Whetham, 
1900,33, 344. . Raonlt,-^^, 1898, 27.' 617. . Jahn, #4^,1906, 50, T29 ; 1907, 
■59,31. '.Richards, 1903,.44, 5-63.- PonBot,7oc.'ciL . Bedford, Froc. 

T9 10,.: [A], 83,: 464., ^ 

''.■*:■ Jones, Lo'Omis, Raoult, Ponsot, Ab'egg, ■ Jahn, 'Hausrath, Ann. 'Fhysihn 
1902, [iv],..9s 622. Osaka, ■ ZBit$ck. physihat Chem., 1902,41, 660.' 

' ^ ■ Loomis, ; Jahn. 

■''■,^. Jahn, . Blitz, ■ 1902, 4^^ 186. ® Jahn. . ■: '. 

^ Jalm, Biltz. '. 
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Table V. 

Mean value O'! i for univalent binary electrolytes at various 
dilutions. 

2. 5. . ,10. 20. 50. 100. 

1-805 1-849 .1*880 1*900 1*985 1*942 

Betertnmutioii of i for Ternary Electrolytes at Various Dilutions. 

Ill calculating tlie value of i, the method described before has 
1:>eeii followed. Table VI contains the mean value of t for some 
well-investigated ternary electrolytes at various dilutions. 


Table VI. 


Mean value 
Salt. of i. 

11 

>-• 

p 

20. 

50. 

CaCld i “ 

2-624 

2-685 

2-789,. 

11 

2-677 

2-708 

,2*768 , 

SrCV i = 

2-629 

2*678 

' 2*781 

BslCI/ i - 

2-580 

2-640 

2*712 , 

ZnCla® ...... i = ' 

2-579 

2-666 

2.771 

C0(N03)«... i = 

2-700 

2-760 

, 

Cu(N 03 )’ ... i = 

2-630 

2-730 

— 

Ni{N 03 ) 3 «... i = 

2-600 

2-670 

2-810 

^ Loomis, Ponsot^ Jones and Pearce. 

2 Loomis. 

3 Loomis, Jones and 


Pearce. * Bedford^ Loomis, Jones, Ponsot, Wlietham. ^ Jones. « Jones 
and Pearce. ^ Jones and Pearce. ® Jones and Pearce. 


Table VII. 

Mean value of i for ternary electrolytes at various dilutions. 

«== 10. . ^O: ■ 50. ■ ■ 

' 1=^ 2*620 ■ .2*691 2-771 ■ 


The. Validity of the Glausim Theorem. 

Table VIII. 


p= 

= 2. '■ 

5. 

10. 

20. ', 

50. 

100. 

i According to Noyes , 







t andPalfc 

1-804 

1-887 

1-865 

1-887 

1*925 

1-987 

vi Observed ' for uni** , 







' valent binary .salts' 

1-805 

1-849 

1-880 

1*900 

1-935 

1*942 

1 Aooordi'Bg ' tO' ,'equa- 







' tion S' ' ' 

1*806 

1-859 

1-887 

1*910 

1*984 

1*947 

i According', ,■ to^ , eq ua- ■ , 







"tiOn 4 ", 

1-748 ' ■ 

1-808 

1-844 

1*875 

1-906 

1*'924 



Table 

IX. 







v=10. 

'20, 


"50.' 

':t, 'Observed for ternary salts...... 


2-620 

', 2*691 


2*771 

i According to equation. 

,8 

• ♦ * , 

2-616 

'2-695 


2-778, 

i According to equation' 

'A,.-..;..'. 

A,... ■ 

2-856 

2*470 


2-5'94',.' 
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It is evident tliat tlie e€j[uation 

t _ « ) 1 _ 1 lA<r I 

I - 1 - 3 10^<. - p 

I fXn J 

based o'li tlie Clausius tlieoreni, agrees best with, the experiniental 
results. The Arrhenius equation fails conspicuously in the case 
of teruaiy electrolytes. Jones attempted to explain this anomaly 
by his hydrate theory. The high value of i according to him, is 
due to the fact that the solvent combines with the solute, the ratio 
of solute to solvent molecules increases, and hence i becomes 
abnormally large. His theory may be correct for concentrated 
solutions. There is, however, some inherent improbability in the 
fact that in dilute solutions about 150 water molecules must be 
made to combine with an ion in order that the difference between 
the observed value of i and that calculated from Arrhenius’s equa- 
tion iiiay be exphiined. The hydrate theoiwr of dilute solutions 
becomes simply unnecessary in view of the complete validity of 
the Clausius theorem as applied to salt solutions. 

A ctivltji-coe'ffi.cient of Salts in MirVed Solution’s ^ 

Here we have the following empirical rule: '‘The conductivity 
and the freezing-point lowering of a mixture of salts having one 
ion in common are those calculated under the assumption that tlie 
degree of ionisation (activity-coefficient) of each salt is that which 
it would have if it were present alone at such an equivalent con- 
centration, that the concentration of either of its ions is equal to 
the sum of the equivalent concentrations of all the positive or 
negative ions present i'li the mixture ’'■"(A. A. Noyes, Tech, Quart,, 
1904, 17, 301). 

Let there, be two- solutions of sodium chloride and ■ potassium 
■chloride, and let their equivalent dilutions be V and 1"' respectively. 
If .A 'and F are their respective ■ activ,ity-coefficients, then. 



Tf„the,"two solutions,' are mixed together,,., 'the, ftota! volume 
But, on mixing,' there- is ''a distrib'iitioii'-mf ar'rangem-ent' until the 
.entire,' soliitio,n is ■nnlform, ■ 'Since, there., are,', only io'u's ,i.n"'a solution, 
a'l'id'' 'si'uce '’"the, arra'n.gement. './.in' 'sodium chloride, a'lid, pota.,ssi'iim.' 
chloride 's'olutio.,ns is identical, 'the rlisiance between the sodium aiul 
"chlorine: 'i,0'n'S.''in''.'a'n '.electric^ '■'ddublet. is'the same as it would lia,ve 
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beeii if tlie dilution were is that the activity- 

coefficient of sodium chloride in the mixture corresponds with that 
of the pure solution at dilution , which is the equivalent 

. A 

dilution of the' common ion. The same is true for potassium 
chloride. On mixing, therefore, 



where and 1 / are the respective activity-coefficients of the 
salts in the mixture. 

Therefore or the activity-coefficient of each of the salts 

is the same and corresponds with that of a solution the equivalent 
concentration of which is equal to the sum of the equivalent con- 
centrations of all the positive or negative ions present in the 
mixture. 

If that is, if the initial concentration of both solutions 

is the same, ' 

1 1 1 + 1 
F F fTF ’ 

therefore X = r = Z^==Jh That is, the activity-coefficient does 
not change when two salt solutions having the same equivalent 
concentration are mixed. This is the condition for isohydry. 

Conclmions. 

In this series of papers on the abnormality of strong electrolytes, 
1 have proceeded on the following assumptions : 

(1) A salt solution is always completely ionised, the force of 
attraction between ions being governed by the law of inverse 
squares. 

'.' "'(2) The arrangement of -ions in a univalent binary electrolyte 
corresponds with a simple cubic lattice, whilst in a solution of 
a" ternary electrolyte, the, arrangement corresponds with a fluorspar 
"lattice. 

The following equations have been derived : 

, ' I.' =i'2jBr-loge . for universal binary sails. 

'XL . , . 'for ternary salts, 

D, H'y ° 

I fX-Q } 
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The validity of these fundamental equations has been completely 
demonstrated both in aqueous and noii-aqueous solutions. The 
variation of ’ the activity-coefficient with temperature has been 
successfully calculated, and the conditions for isohydry have been 
determined. In fact, a complete theory of dilute salt solutions 
has been propounded. 

My be-vst thanks are due to Prof. P. C. Rjty and to my friend 
and colleague Mr. J. N. Mukherjee, M.Sc. 

Physico-Chemical Laboratoby, 

Univebsity College oe Scieeoe, 

Calcutta. {Bectioedt 'November i}th, 1917 ] 


LXIIL — The Pf^eparcUion of certam Organic Stanno-- 
and Stanni- chlorides. 

By John Gerald Frederick Deuce. 

Double haloids of tin with organic bases havQ long been known. 
Thus Cook {jimer, Cheni. J., 1899, 22 , 435) described a number of 
aliphatic amine salts, and Slagle (/6 r7., 1898, 20 , 633) prepared the 
aniline and toluidine compounds. Pyridine stannochloride has 
been described by Hayes (/. Amer, OhcTH. Soc,^ 1902, 24 , 360), and 
pyridine stannichloride by Weinland and Bames (Zeitsch. an.org, 
G hem 62 , 250). The quinoline salts have been isolated by 
Borsbach (iier., 1890, 23 , 431). 

These salts were usually prepared from hydrochloric acid solu- 
tions of the component haloids, and the same method of prepara- 
tion has been employed in the case of the new compounds described 
below. 

Experimental.' 

: Sfamioehlorkle^ (NHEij) 2 ,H«Sn,Cl 4 .— This salt ■ was, 

,, isolated '. from' a' dilute hydrochloric", .acid, solution ■containing,' '., tw.o, 
; molecular ' 'proportions, of ' amine ■■ -to.,' o'lxe., of; ■stannous chloride. ■;"The. 
crystals which separated '■ were .', collected' and dried on a .porouS' 
plate in a desiccator over sodium hydroxide. The salt wrs very 
deliquescent and melted at'. '58^. 

0*9852 gave 0-3640 SiiO.. Sn = 29'll. 

. ''0“5950' ^ ',0-8355'.Ag'a..'''''a'':==M'76. 

''■'(Gp|xN)2,B2SnCl4' requires-Sh^-29^^ 
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O'-Toluidint Stmmochloride^ (C 7 H 7 *NHo)^,H 2 SiiC'l 4 .-“ o-Toluidi:i:ie 

(5' 35 grams) was added to^ 100 c.c, of a. dilute liydroclilo'i'ic acid 
soliitioii containing 5-65 grams of stannous chloride, and warmed. 
On cooling, fine, silky needles, melting at 164^, were deposited. 

Tlie salt dissolved readily in cold water, tlie solution reniaining 
clear unless boiled : 

0*4385 gave 0*1382 vSnO,. 811-24*82. 

0*1205 0*1454 AgCl CI-29*85. 

(C-HoN) 2 ,HoSnCl 4 requires Sn-24*90; Cl-29*75 per cent. 

Q-Toltjldiiie Stanniidiloride^ (CbH9N).2,H.2SnClj;,H20. This coin- 

]:>ound was obtained in very pale pink, short needles, which began 
to decompose at 210^: 

0*8247 gave 0*2274 SnOo. Sn = 2r23. 

0*1228 „ 0*1841 AgCl. 01-37*39. 

(C-HoN).2,H.2SnCl4.,H20n*equ^ Sn-:2r01.; 01 = 37*64 per cent. 

■ Meth^/ian/iline Stamiochlcyrkle, CyHQNjHSnCly. — Reclivstilled 
inetliylaniline (5*35 grams) and stannous chloride (5*65 grams) 
v/er© dissolved together in 100 c.c. of hot dilute hydrochloric acid. 
The clear solution deposited a mass of short, stout, colourless prisms 
dissolving in water to a clear solution, which became turbid only 
on boiling. The salt is also soluble in alcohol, but not in chloro- 
form, and melts at 106*^: 

()*2649 gave 0*1157 SnOo. ■ Sn- 35*75. ■ 

,0*3264 0*4224 AgCl, 01-32*02. 

■ , C 7 HoN,HSnCL> requires Sn-35*63 ; '01-31*93 per cent. 

Metdiyltin'diiie Sfannlrldoride, Moleciiiar 

proportions of tlie base and hydrated crystalline stannic chloride 
were dissolved togetvher in „ dilute hyd'rochloric acid. Colourless, 
crystals of the stannicliloride, melting and decomposing ' at ,'251*^, 
separated' fro,in the solution. The salt , dissolved ■ in 'water ,' to a 
clear solution, which was not appreciably hydrolysed ' even 'when 
boiled 

0*5054 "gave '0*1401 8nO,. ''811-21*78, ' 

„ 0*1,728 '' „' ' 0*2703 'Agdl.,,,. ^ 01-38*7}. 

' (C 7 H 9 N) 2 jH 2 BBClf^ 8n— ,2I',67; 01 — 38*84 per tent. 

Chlorination of a dilute hydrochloric acid solution of the stanno- 
chloride' also 'gave ,' this ;n-ompO:Und, but the product ,/w as not p'lire 
'and, had a' low ■ melting point. 

, ' Btannoiddurldi^ , , C,jH|(NIl2)2i^llSnC];5. ' 

This ' eoi:n|,)m,iiKl rvas obtained , 'liy reducing 'U/.mitroani'liiie, or 
n)-di',n,itrobenzeiie" with '/■tin ■ a'ud, ■hydrochloric acid, 'It forms 'fine, 
silky prisins,' meltiii'g: at'' 128®, ''which are soluble fin 'water, ■■■but ■ the 
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solutioii aoou becomes cloudy. Dilute hydrochloric acid solutions 
of the salt gave the reactions for stannochlorides, for exaiiiple, 
iodine solutions were decolorised a white ])reci|htate was obtained 
with inerciiric chloride solution, which darkened on warming, and 
a dark brown precipitate of stannous sulphide was obtained by 
passing in hydrogen sulphide : 

0-4211 gave 0-2232 SnO.- Sn- 41*75. 

0-4537 " „ 0-6891 AgCl. 01-37-58. 

. C«HgN2,2HSnCl3 requires Sn -41-85; Cl -37-97 per cent. 

'm-Phemjl enediamme Sta iniiMoride, CijHslSFo/floSnCljj — Dilute 
hydrochloric acid solutions of the above staimochloride were 
oxidised to stannochloride on exposure to air, but the crystals 
isolated from, these solutions were not pure. The purei salt was 
obtained from ///-nitroaniline (2*56 grams) or from /^?-diiiitro“ 
benzene (1*3 grams) and stannous chloride (10*5 grams). Almost 
colourless crystals of the stannichloride separated from the hydro- 
chloric acid solution. It dissolved readily in cold water, and the 
solution did not hydrolyse unless heated. The crystals melted and 
decomposed at 265®: 

0'4762 gave 0*1606 SiiOo. Sn — 26*56. 

0-4511 „ 0*8767 Ag-Ci. Cl-48-07. 

,CoHgN,>,H 2 SnCi,. ^ Sn- 26*88; 01-48*18 per ' cent.". 

No double haloids of o-phenylenedianiine could be prepared. 
ly-Phenyle^^^^ SicmnoMorkle, C(.HgN 2 ,Iit>SnCl 4 . — This 

salt was obtained as a mass of compact, opaque, white crystals 
readily soluble in water. The solution was easily hydrolysed by 
gently warming. The crystals melted and decomposed at 270®: 

-0*5547 gave 0*2246" SnO.. .Sii-STOO. , 

0*5547 „ 0*8436' AgCl. ■ Cl -37*63. 

QjHgN^vIiSnCl^, requires Sn — 32'06',; ' Cl — 38-26, per cent. , 

' Phenyl enediami^^^^^^^ Stanni(dvlom^ ■ C(jHgN 2 ,H 2 SnClj>. — 0,xida- 
tion ''of solutions' of the stannochloride/ ■ gave impure .stanni- 
chloride. : 'A pure 'specimen' was' obtained by treating p-nitro- 
a'niline with,, a 'molecular pro'portio-n nf ■stannous' chloride 'iii'hydro- 
, chloric acid.' '■ The* nacreous plates' dissolved in',' cold, water 'W,ithout 
appreciable hydrolysis, ' but, on, boiling,., a precipitate ,was^' 'formed'.'. 
The' salt melted and decompO'Sed at 2,30®': 

, '0*3784/gave 0'*1282 ' SnO.. 'Sn'-26‘'69. „■ ' , 

, ■ 0-1180'' ' „, : 0*2305 AgCl. Cl- 4.8*32, . ' 

: GeHgNojHgSnCly requ'ires Sn— '26''88; , Cl— ,|}e,r, cent., ',,' 

,, '','Pensylamyme StMfm'Ochlorkle,. ,C^j.H5*CH2*NH2,HSn01g.— Th,is'''''e 
,, w^as' obtained,,', by, . warming- ,togeth6,r'. ■■ benzo'iutrile , ..'grams) and , , tiii' 
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(12 grams) in 50 c.c. of concentrated liydrocliloric acid diluted 
with 20 c.m of water imder a relinx condenser for three honrs. On 
cooling, a mass of short, silky crystals was deposited, which gave 
the usual reactions for stannochlorides, and softened at 95° and 
decomposed at abotit 210°: 

0*4491 gave 0‘ 2045 SnOo. Sn-35‘70. 

0-2864 „ 0-3592 AgCl. 01 = 31-03, 

C7Hc)N,HSnCl3 requires Sii = 35*63; Cl-^3r93 per cent. 

BenTyylainine SfannicMon^^^ ( 07219 ^) 2 , H 2 SiiCljj. — Benzonitrile 
(2 ’06 grams) was heated with stannous chloride (9*04 grams) 
ill hydrochloric acid, with shaking, under a reflux condenser until 
a clear solution was obtained. From this, soft, shining crystals 
separated in flakes resembling naphthalene and melting at 112°: 

0-3465 gave 0-0943 SnOg* Sn=:21-51. 

0-3465 „ 0-5421 AgCi. 01 = 38*83. 

(07H9N)2,H2Sn0l9 requires Sn=21-85] 01 = 38-84 per cent; 

StannocMoride, 

OH3-CeH4-CH2-NH2,HSnCl3. 

—Ten grams of tin and 6 grams of p-toluonitrile were heated with 
hydrochloric acid as in the case of the benzylamine salt, which this 
compound also resembled in properties. Both dissolved slowly in 
water, and the solutions soon decomposed. On heating, it melted 
at 107°: 

0-5248 gave 0-2290 SnOo. Sii = 34-38. 

OgHjiNjHSnOLj requires Sn =34*29 per cent. 

Chemisiky Department, 

Boeottoh Folvtechnio Institute, - S.E. l. 

[Eeceived.Jul^'mh.M'inq'' 


■ ^ LXIVy— lYie ' i? Carbonates of Copper, 

■ ' 'By '.'H oh-AOE BabratT'Bu^ and Sudaeshan Lal. 

^'In cohnexion with an investigation of -the composition of a cellu- 
lose .cuprammonium-hydroxide solution made by dissolving cotton- 
wool in a solution of commercial copper carbonate in ammonium 
hydroxide, one of the authors had occasion to examine a niiraber 
of samples of commercial "Icopper carbonate.’^ 

'Pickering 1909, 95, '■ 1410) : states that the ordinary,,, co.pper 
carbonate of commerce has 'the^■Torm■ldi^ 2Gu0,C02;H20y, -idei:dl 
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with, iiialacliite. The. present paper does not support that state- 
iiieiit. 

According tO' some text-books, also, the compound precipitated 
when sodium carbonate is added to a solution of copper carbonate 
in the cold has the composition 2 CuO,C 02 , 2 H 20 , which chaiig*es to 
2 CuO,COo,H 20 on keeping. 

The amount of copper oxide in thirteen different samples of com- 
mercial copper carbonate from different European and Indian 
sources is shown in table I. The percentages of copper oxide 
theoreticaliy found in the basic carbonates of copper, for which a 
definite composition is claimed, are also quoted for purposes of 
comparison and reference. 


Table I. 


Perceritage of Copper Oxide found in Thirteen Samph^ of 
Coinmercial Copper Carbonate, 

1 2 3 4 5 6 7 8 9 10 11 12 13 

78*60 71*71 71*52 69*69 69*58 69*55 69*29 68*90 68*61 68*41 68*36 67*84 66*16 


Small quantities of impurity were present, usually iron, bpt in 
no case was the amount sufficient to account for the widely different 
results. 

Name of Compound. CuO COg HgO 

per per per 
cent. cent, cent* 


Pickering’s compound (loc, ciL), SCuOjSCOajBHaO 
Malachite, 0uCO3,Cu(OH)2 or 2Cu0,C0a,H20 ... 

Azurite, 2 CuC 03 ,Cu( 0 H )2 or SCuOj^COgjHaO ... 
CuC 03 ,Cu( 0 H) 2 ,H 20 or 2CuO,C02,2H20... ... 


... 72*62 15*06 12*32 
... 71*94 19*95 8*11 

... 69*23 25*54 5*22 

... 66*53 18*41 15*06 


Assuming that the commercial copper carbonates have the com- 
position of malachite, it was thought that the adsorption of 
moisture on exposure to the atmosphere might account for the 
low results found. In order to test this, copper carbonate, in the 
form of a fine powder and spread in thin layers, was first dried 
in a steam-oven at 97® for more than three hours, and then, after 
weighing, was exposed to the atmosphere of the laboratory for 
three days (16— 17®) 'and weighed . at intervals. The amount of' 
increase in weight fiuctuated during this time, but the maximum 
increase recorded amounted to 1*06 per cent. This would not 
account for the variations in copper oxide content shown in 
■table I. . 

/■ If .the'' copper oxide content is' any indication of the composition 
of the compound, it would appear that the commercial compound 
' more' nearly' 'approxiniates' to'.''the' ''composition of aziirite. In order 
: to "obtain i■U'rther evidence on this point, five samples were examined 
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wliicli 'ContMiiLed from 69'55 to 71*71 per cent, of copper oxide. 
The same sain,|:>l€s contained from 17’35 to .1.8-1 per ce,nt. of ca,i‘l,)o,n 
dioxide. Compariso,u with the above table wii.l sliow that these 
results are much below those required for 'iiialachite or azurite. 
It appears from this that the statement that commercial eopper 
carbonate has the same composition as malachite is incorrect, and 
that ill reality the substance is a mixture of very varying com- 
position. , 

The authors of the present paper made various attempts to ])re- 
pare a basic carbonate of cop|)er of approximately constant com- 
position in a simple manner, as it was desired to devise a process 
which could be used by comparatively inexperienced workers. 
Table II shows the methods employed and the percentages of 
copiper oxide obtained. 


Table II. 


CuO 

Method. per cent. 

Copper sulphates soliitioii precipitated in the cold with cold 

sodium carbonate solution ... 71*82 

Copper sulphate solution (hot) precipitated with cold sodium 

carbonate solution ... ' ■ 78*85 

Copper sulphate solution (cold) precipitated with cold saturated 

solution of sodium hydrogen carbonate ... 77*09 

Copper sulphate solution (cold) precipitated writh cold 5 per cent. 

sodium hydrogen carbonate solution ... ... ... ... 71*08 

Boiling saturated copper sulphate solution precipitated with cold 
saturated sodium hydrogen carbonate solution. The burner 
was removed before the addition of the sodium hydrogen 
carbonate .... ' ^ ... ... ...■ ... , I.. 72*37 


In all cases, the precipitates were washed free from sulphate. 

These results yielded no valuable prospects, and it was decided 
to- see if, the desired , result could be achieved , by taking solutions' 
of known strength. In the earlier experiments (from .which , table's 
I and II are compiled), the. carbonates 'Were carefully' heated , in ' a 
'crucible, the .residue be'ing cooled 'in a de'siccator and" .weighecL 
'The heating, e'tc., was repeated until a' constant weight 'was 
obtained. '.This, method „ pres,ent'S several defects, and it was decided 
to make,' complete analyses of the substances produced. This wa,s 
done by heating a weighed, amount of the substance in a, boat con- 
tained in, a ' short, lea'd-glass tube, -the 'water and carbon dioxide 
being' '.CGilected' by, means'' of ''.the usual absorption apparatus 
employed ', in .organic ,o,.Oimb'ustions. All heating was done by means .. 
oh Bunsen burners .manipulated.. by. 'hand, and 'the experiment 'was' 
carried out in an atmosphere of dry oxygen. 

"It 'Was .'observed, th.at': .in 'one -or. 'two- cases.., the copper oxide, was ' 
distinctly ' crystalline, ■ in ', appearance. In'" all' the' o,'ther cases', " the. 
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copper oxide, was very dark brown, not black. Tests performed 
OH' the oxide showed it- to be- free from impurity, 

A saturated solution of purified copper sulphate' (14*5^) was 
diluted with an equal volume of distilled "water, and to the cold 
solution , was added a cold (14-5°) solution of pure sodium carbonate 
(10 per cent.),... The precipitate was allow-ed to remain for twenty- 
four hours, and then washed on a Biichiier funnel with distilled 
water until free from sulphate. The precipitate, on solution, con- 
tained no sulphate. It w^as dried in a steanx-oven at 96° until its 
weight was constant. 


Table III. 



CuO 

OOa 

HaO 

Total 


per 

per 

per 

per 

The average composition of the precipi- 

cent. 

cent. 

cent. 

cent. 

tate was ... , 

72-98 

15*46 

11-89 

100-33 

13CuO,6C02,9HgO requires ... .... 

73-02 

15*64 

11-44 

100-00 

Pickering’s compound 8Cu0,3CO2,6H20 
requires 

72-62 

15*06 

12-32 

100-00 

The above percentages give the formula: 

'I3-07CuO,5COa,9‘40H2O. " 


The Basic Carbonate, 2CuCO3,5Cu(0H)2 or 7Cu0,2C02,6H20. 

A solution of pure copper sulphate, saturated at 14*5°, wast 
diluted with an equal quantity of distilled water, and to this solu- 
tion was added a solution containing 5 per cent, of sodium 
carbonate and 5 per cent, of sodium hydrogen carbonate. The 
carbonate solution was added with stirring until, on filtering 
small portion, the filtrate gave no precipitate with it. The mix- 
ture was allowed to remain until next day, and was then filtered 
on a Buchner funnel and washed free from sulphate. This required 

Ta.ble it. . ■ 

. €nO COa ,HsO ■Total ■ v 
per per, per '/p&r .. 

'Mo.. ■ ■ ’ /'Oenlj-', ; ■ cent, cent.', ' cent.''',' ' 

(а) ,..Mean. of three, analyses ^ 1.,. ' .11*25' M2*78 , . „ 

(б) Mean of four analyses ... TS-.IrSi' 1.1*56' 13-18 lOO-Sl , ".v 

'.(c). Mean of three analyses 75*30'' ,12-'04 12*88 10O»31' .,.,' 

,y '.Mean''.'.. ,. "75*59 11-61 12-95 , 100-16 ■ 

2'GnGO,s,6Cti(OB:)a requires,;, ..^.■..;.75*'7^ 12-26 ' 100-00 ' 

' Stated as' formulse the' above 'result's ' bocome , ' 

(a) 7GuO,l*89CDa,6-20EsO. 

{b) 7Cti0,X'930Os,6-30HjO, 

7,CMC>»M^ ' 


¥'0'L. "OX'III. 


:F', '.F' 
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■many hours, and usually extended until the next morning. The 
wet precipitate was then allowed to remain until the third day and 
dried in a steam-oven. The drying process never lasted less than 
six hours. 

Three separate preparations, {a), (5), and (c), were made.. The 
analyses of these' preparations are shown in table IV '(p. ,721). 


Summary. 

Examination of a niimlber of samples of commercial copper 
carbonate gave evidence to show that the statement that it has 
the same composition as malachite is erroneous. 

An attempt has been made to prepare a basic copper carbonate 
of approximately constant composition from pure materials. 

A new basic copper carbonate, 2 CuC 03 , 5 Cu( 0 H )2 or 
7CuO,2C02,5H20, 

is described.^ . . 

The Chemioau Labobatories,' .' 

OoYEBNMEKT ConnEGE. Lahobe, [Eecewedf April 25thf 1918.] 


^ LXV .' — A Study of some Derivatives of Berherine 
Closely Allied to Derivatives of Cryptopine. 


By William Henry Perkin, jun. 


The close relationship which exists between berberine and crypto- 
pine has been discussed on more than one occasion (compare T,, 
1916, 109, 833, 841; this vol,, p, 493), and it has been pointed 
out that, if the formulae of the alkaloids, or better still of their 
.q'Uatemary salts, are written side, by .side, it is readily' seen that 
the,, difference between .the two is, in the' main, the* pres.e'nce of the. 
iV-mathyi group in cryptopine and its absence in the berberine 


/NoMe 

6h-oh 

!1 1 

' . G- — jsr 

CHjC^I Y CHg 

Berberine;'.,,,',,'':' 


/ 





MeOi 

MeOi 


/\/ 


0\,h/ 

Crjrptopine. 


CH, 


OH. 


/\/ 

OHj, 

CO iMe 
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6h 

0 NCI 


OHg 

CHo/" 


i§>CH., 


0— -NMeCi 


Berberiniiina chloride. isoCrypt opine chloride. 

.Tiiolecule, and tli© fact that the positions of the two methoxy-groups 
and the methyl enedioxy-group are reversed in the two foniiulse. It 
was further pointed out that the alkaloid of the berberine type 
which actually corresponds with cryptopine is ^?p?'berberinium 
hydroxide, 

/ /ex’®* 

II ?i 

C — ^N-OH 

MeO^Y PR 

-•^Onch/ • 

epiBerberiniura hydroxide. 

and the conversion of cryptopine into this interesting alkaloid has 
recently been described (this vol., p. 493). The problem which had 
to be solved in attempting the preparation of epibeiherine from 
cryptopine was essentially the discovery of some method which 
would render possible the removal of the iV -methyl group from the 
latter alkaloid, and this difficult step was ultinaately accomplished 
by heating is‘ocryptopine chloride at 280^, when methyl chloride 
was eliminated according to the scheme: 


i>0B, 


-HMeCl 


OH 

Jl CH, 

C— N 


>0H, 


^ mS X 

I^Cryptopine chloride. Dibydroanhydroepiberberine. 

The dihydroanhydro<?pAerberine obtained in this way served as 
the principal source from wMeh a considerable "number of deriv- 
atives of ep^berberine were subsequently obtained and examined, 

IB' 2 
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Tlie object oi: tlie present iiivestigatioi,i was to accomplisli the 
reverse diaiige, to introduce an iV'-iiietliyl group into the 

berberiii© molecule in order to study derivatives of berberin© which 
were similarly constituted to corresponding derivatives of ' crypto- 
pine, and only differed from these in containing the two methoxy-' 
groups and the methylenedioxy-group in there-versed positions. It 
was hoped that results might be obtained, in this way that would 
confirm and amplify certain curious observations made during the 
study of the derivatives of cryptopine, and this has proved to be 
the- case. 

The substance most largely employed for the purposes of this 
investigation has been dihydroanhydroberberin©,* 



OMe 

OMe 


CH„< 


Dihydroanhydroberberine. 


and the opportunity was taken to bring forward additional evidence 
in support of the identity and constitution of this important 
;S„ubstance,. , „ 

Dihydroanliydroberberine was first obtained by Oadainer 
P/nirm., 1905, 243, 35) during the course of a valuable investiga- 
tion into, the action of alkalis on berberiniiim hydroxide. • Gadamer 
showed that berberiniiim , sulphate or .hydroxide, when .heated on 
the stea,m-bat]i with concentrated- sodium hydroxide solution, 'under-:, 
goes simultaneous reducti-on and ■oxidation, with' the for m,ation of 
'dihyclroanhydroberberine and- -oxyberberine,: 


S/" 


7\/ 

c— i-0H 


Gil, 


,„Berberlninm'„ 

hydroxide. 


\/ 


AV 

CH I „ 

11 

■“N 




and 


Dihydroanhydro- 

berberine* 


/\,/ 

T v"' 

(J — -N 

V 1 

I GH, 

Oxyberberine, ' 


* With regard to the nomenclature employed ;, .in this eommunioation 
for berberine and its derivatives^,-,-c.ompare;’:thiS' vo!,y;,p-.; 603* 
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According to Gadamer, dihydroanliydroberberme melts at 
165 — 167°, crystallises in deep yellowish-brown tablets, yields a 
hydrochloride, C^oHigOiNjHCljSHoO, and is readily oxidised on 
exposure to' the air to berberine. .At a later date {Monkish,, 1910, 
'31, 557), Faltis expressed the opinion that the reaction between 
berberiniiim hydroxide and sodium hydroxide was not analogous 
to the Cannizzaro reaction hetween aromatic aldehydes and alkali, 
blit was similar to the change which Decker {Ber., 1903, 36, 2568) 
has observed to take place when quinoline methiodide is treated 
with an alkali : 

3C9H7N,MeI + 3NaOH = 2C^HoONMe + -i- 3NaI + H.O. 

N” -Methyl- IV'-Methyltetra- 
quinolone. hydroqtiinoline. 

In other -words, Faltis was of opinion that the substance which 
Gadamer had described as dihydro(anhydro)berberine was in reality 
tetrahydro(anhydro)berberine. That such a suggestion could have 
been made is remarkable, for, with the exception of almost identical 
melting points (168 — 170°), there are scarcely any points of 
resemblance between dihydroanhydroberberine and tetralxydro- 
anhydroberberine. Tetrahydroanhydroberberinc is colourless and 
gives colourless salts , of which the hydrochloride has. the composi- 
tion C 2 oH 2 i 04 N,HCiL dihydroanhydroherherme has a striking, 
yeliowish-hrown colour and yields a deep yellow hydrochloride, 
CaoHi^OiNjHCljSHgO. The mistaken view which Faltis advanced 
is doubtless partly due to the fact that he used impure dihydro- 
anhydroberberine for his experiments, for he states (foe. ciL, 
p. 567) that the material 'that he employed melted at 135 — -155°, 
whereas pure dihydroanhydroberherme melts at 166-*— 168°. 

Faltis further makes the erroneous statement that there is no 
depression in^ melting point when equal qua'iititie-S' ' ol ' dihydro- 
anhydroberberine' and tetrahydroanhydroberberme are mixecT, 
whereas the present" author,, -finds .that ■■such -a mi'xture' of ■the... pure'; 
'substances softens at 140— l'45'^,"an'd' 'is"'com'pletely melted at 152°.'': 
'Faltis' did.' not' make', any' compara-tive " analyses' o-f dibydroanhyclrp- 
berberine and tetrahydroanhydroberberine, or he would have 
suspected that these substances could not be identi cal, since the 
former, C 20 II 19 O 4 N, contains 0 = 71*2, H — 5’6, whereas the latter, 
,G 2 oH'aO' 4 'M', :,"eontain's '':■ , C =:'70:’ 8', '■■ -"H- =''6,.‘''.''2', ■" ' a ■■, '.difference quite easily 
detected by accurate' analysis (compare p. 739). The only positive 
evidence which Faltis brings forward in support of his view that 
these bases are identical is that ’they require approximately equal 
amounts of iodine to oxidise them to berberine. A method' nf this 
kind carried out under the conditions'- observed by Faltis would be 
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open to grave siispieioB in any case, and is obviously quite value- 
less wlieii impure material is employed in the deteminatioiis. 

The conteiitioii that dihydroanhydroberberine and tetrahydro'- 
aiihydroberberiiie are identical was subsequently dealt with by 
Gadamer {Arch, P/mm.,' 1910, 248, 670), who not only discussed 
in detail the points raivsed by ■ Faltis and showed that they are 
groundless, but also' brought forward further and convincing 
evidence that the substance described by him as dihydro'(anhydro)- 
berberin© is in fact that substance. 

The results of , the present investigation indirectly confirm the 
identity of dihydroanhydroberberine, and additional positive 
evidence has arisen from the observation that it is possible to grow 
crystals of this substance and also of tetrahydroanhydroberberine 
from acetone which are suitable for crystallographical examina- 
tion. The measurement of these crystals, which was tindly under- 
taken"' by 'Miss' M. W. Porter '{p.,; 741), clearly ,' proves ,that" these ■ 
substances cannot possibly be identicah 

In only one point does the experience of the author in Gonnexion 
with dihydroanhydroberberine differ from the accurate statements 
of Gadamer" Gadamer frequently mentions that this base and its 
salts are easily oxidised by exposure to air and converted into 
berberine and its salts. The present author, on the other hand, 
cannot confirm this ready oxidisability, A specimen of the pur© 
hydrochloride which had remained on porous porcelain in a drawer 
exposed to air for more than six months yielded the same analytical 
results as before exposure, and the solution of a weighed quantity 
in water gave, on the addition of ammonia, a precipitate of dihydro- 
anhydroberberine which was nearly the amount which should have 
been obtained from the pure hydrochloride (p, 740) . If conversion 
of the hydrochloride into berberinium chloride had taken place 
during exposure, there , would either' have been no ' precipitate ,.'0n 
the,, addition ol.axnmonia or, . in . the '.'event ' of partial change, , a 
diminished,' ', yield. . Again, a ' specimen ' of ,' pur© dihydroanhydro- 
' berhedn© ,which, had, been: several 'times .'I’e-crystallised, from,, '■ acetone 
,'aud inel,ted .at'167— -168°, was 'left .on a watch-glass exp'Oeed tO' the 
■air for 'six ...'months ' without .apparent, change. At the end 'of', this 
' 'tim©,/. ', .the specimen melted at •, the ' same temperature ■„ as ' before, 
exposure' and yielded ' th© ' same analytical results, an experience 
which is ill accord \Yith the statement of Gadamer that a specimen 
of dihydroanhydroberberine, crystallised from ether, which he had 
prepared in 1902, still showed the same melting point in 1910 as 
when first prepared. It seems therefore clear that dihydroanhydro 
berberine is not readily oxidised by contact with air, and this is in 
j:'.:ha|mQny;':%itl''''"the'';,'hehayi 
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diiiydroaiihydm^l?^berberine (this vol., p. 507), wliicb also may b© 
€«posed to the air for a lo-ng time without apparent change. 

Dihydroafihydroherherine Metliosulpliate and its G om/verdon 
into Anhydromethylherherine, 

The basis of the experiments chronicled in the following pages 
is diliydroanhydrohorherine. metlio8ulphate (p. 743), 



which is readily prepared by the direct combination of dihydro- 
anhydroberberine with methyl sulphate, and separates from methyl 
alcohol in brilliant yellow, orthorhombic prisms melting at 205*^. 

The corresponding C 2 oH 3 _g 04 N,HeI (m. p. 215 — 220^), 

which is obtained from the methosulphatei by precipitation with 
potassium iodide, had already been described by Freund and 
Fleischer 1915 , 409, 231), who prepared it by the direct 

addition of methyl iodide to dihydroanhydroberberine. -Dihydro-' 
anhydroh erh erine methochloridCf C 2 oHig 04 N 5 MeCl (m . p. 223°), 
obtained by digesting the iodide with water and silver chloride, 
separates from water, apparently with SH^O, in pale yellow prisms. 
This methochloride has been mad© the subject of special inquiry 
on account of its close relationship to u'ocryptopine chloride 
'( 833 ).'^ 

/\0Me 

i ^OMe 

CH v,„ 

0"— dSTMeOi: 

Dihydroanhydroberberine isoCryptopine chloride 

methochloride. 


These so closely allied quaternary chlorides exhibit, as was to be 
expected, great similarity in their properties and i ©actions. They 


* The numbers in brackets — ^thus (833) — ^refer to the paper on Cryptopine 

•'and:' Btot#lnb;;;(KY 
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are both, cliaracterised by sparing solubility in dilute hydrochloric 
acid, although dihydroanhydroberberine rnethochloride is more 
readily soluble both in water and dilute hydrochloric acid than 
'/,?ocryptopiiiei chloride'. 

Interesting results have been obtained I’roni the study of the. 
reduction o! dihydroaiihydroberberme niethochloride, and these are 
described O'li p. 732. The behaviour of ■/.s’ccryptopine chloride under 
the same conditions has also been investigated, and will form the 
subject O'f a future communication. 

A nhijdromethylh erherine . — -This interesting substance corre- 
sponds in its method of preparation a,nd in its properties with 
anhydrocryptopine (350), the relationship between the two sub- 
stances being at once evident when their formulae are written side 
by side*: , , . , . : 


/ 

GH 


/NoMe 

I JOMe 


OH, 


-NMe 


Z" 






Ho 


-NMe 


OH.< 



/Ach:ch, 

Anhydromethylberberme* 


MeO,'^ 
MeOl 




/ 


OHICHj 

AnJiydrocryptopin ■ • 


Just as anhydrocryptopine results from the action of methyl- 
alcoholic potassium hydroxide on ?>ocryptopine chloride, so dihydro- 
'•anhydroberberine methochlorido ' yields anhydromethylberberine 
when it is decomposed by the same reagent: 



■The, proce'SS',' actually ' used .in the. preparation: of incest of 'the 
.anhydroiaethylberberine' required' for .the present investigation .was 
■'.th© direct' . decomposition ; of dihydroanhydroberberine/ia'eth'QSulphat#' 
by boilmg with methyl-alcoholic potassium hydroxide (p. 74S). 

AnhydromUJhylh':^^^ '-melts at^94— 95^ ^(aiihydro-''." 

cryptopine:- at,''l'10— lll','^)\'a'nd^ from 'methyl alcohol'.-in','- 

pale yellow , .prism's, ; . ■ . .. . 

Mke anhj^drocryptopine, it is a rather weak base, rnnm the 
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acetate, fo-r example, , is dissociated by water, but the salts with 
iiiiiieral acids are stable in the presence of excess of acid. It 
undergoes a curious change when its solution in methyl alcohol is 
slowly evaporated in contact with air, yielding, besides a large' 
quantity of a brittle resin, a small ai^ount of a crystalline sub- 
stance^, C 2 iil 2 i 07 N (p. 747), which melts at 153 — 155°', has no basic 
properties, and is pi'obably a ti'ioxyanhydromethylherherine con- 
taiiiiiig the grouping : j 

/Y 

CO CH-OH 
C(OH)-NMe . 



In this respect, anhydromethylberberine appears to behave 
differently from anhydrocryptopine, since the latter, when boiled 
with methyl alcohol in contact with air, yields by the addition of 
methyl alcohol and simultaneous oxidation, large quantities of the 
two isomeric methoxyanhydrocryptopines (A) and (j^) (856), which 
contain the grouping : i 

Ay 

in-OMe 
C — lirMe 
\Y 

/''\ch:ch2 

It is, of course, possible that substances corresponding with the 
two modifications of methoxyanhydrocryptopine are contained in 
the resin which is the main product of the action of methyl alcohol 
and air on anhydromethylberberine, but attempts to isolate such 
substances in a crystalline condition, have been unsuccessfal. . 

■ Redticimnt of Anhydromedhylh&rherim^^ to '^-Methylimtetrahydro- 
anliydrok erh, erme {B) .—This 'reduction, ■ represented ' by the ,, scheme 
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corresponds exactly with the reduction o.f «aiiliyclrocryptO'piii© (989) 
to aiihydrodiiiydrocryptopiiie (J^). The addition of hydrogen takes 
place readily when the solution of anhydroniethylberberin© in 
dilute sulphuric acid is treated with sodium amalgam (p. 748), 
and, on aclding ammonia, a. base separates which melts at 112—113® 
and is identical with iF-methylwo'tetrahydroanliydroberberine (B) 
which Pyman (T., 1913, 103, 827) obtained from tetrahydro- 
anhydroberberine methohydroxide by evaporation ■ under atmo- 
spheric pressure'. The similarity in constitution and properties 
between the aiihydrodihydrocryptopines and iV^-methyltsotetrahydro- 
anhydroberberines has already been fully discussed (841), and the 
preparation of dihydroanhydroberberine methochloride and its con- 
version first into anhydromethylberberme and then into iV-methyl- 
tsotetrahydroanhydroberberine now completes the picture. 

The Action'of Hydrochloric Add on Anhydrom.ethylberherine, 

.Formation of the Hydroxyismnhydrodihydromethylherberims 

(A) and {B). 

A highly characteristic property of anhydrocryptopine , is the 
brilliant crimson colour which is produced when this substance is 
boiled with concentrated hydrochloric acid (865), and the same 
colour is produced in less degree when anhydromethylberberine is 
treated in the same manner. In the case of the action of concen- 
trated hydrochloric acid on anhydrocryptopine, it was found 
possible to isolate two crystalline products, namely, the <symrypto- 
pines (A ) and (7i), but attempts to obtain , similar products iu a 
crystalline conditio'U from the product of the interaction of anhydro- 
me'thylberberine >nd concentrated hydrochloric acid have been un- 
successful. ,On the, other hand, another- reaction, .highly cliaraoter- 
.istic of anhydrocryptopine, namely, its. behaviour .towards dilute 
hydrochloric .' acid, is reproduced- ''exactly when - anhydromethyb 
berberine'. is ' subjected -to the action. 'of .dilute hydrochloric .acid-^ 
.under- the,, 'same conditions." When; anhydrocryptopine . is heated 
with dilute hydrochloric acid (860), it is converted, by the addition 
of water into the stereoisomeric hydroxyisoanhydrodihydrocrypto- 
pmes (A) and (B), which melt at 227® and 117® respectively, and 
-the probable : course .of the reaction and- constitution of these sub- 
"st-ances'-has already - been fully discussed- (862).- , Anhydromethyl- 
: -berb-erin.-e- is;': very -readily -acted-, -oh-' by- hot, hydrcmhlorio .a'cid 

(p. 752), and yields, as the result of ' th.e^ addition,', 'of '■ water, ''two 
isomeric hydroxyhoanhydrodilvydromethylherherineii, {A.) and (Jl), 
which melt respectively at 210—212® and 168—170®, Since these 
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substances bebave in all tbeir properties exactly like tbe hydroxy* 
isoanliydrodihydrocryptopiiies, there can be little doubt that they 
also are stereoisomer ic,' and that their formation may be expressed 
by the scheme : 


\/ 


5®- /s 

™ OH la 
_c 


+ Hs,0 = 


CH, 


CH(OH) (jH 7 _H,0 = 

ij LHo ^ 


Anhydromethylberberine. 


/■ 


-NMe 



MoAnhydromethylberberine. 




CHg 
1 

.CH—O-OHAtt 

\/ I CHg 

J OH— ]^Me 

Hydroxy MO anhy dr o dihydro - 
methylberberme (A) and (H). 


The hydroxyMoanhydrodihydromethylberberines (ii) and (i?) 
react very readily with acetyl chloride, and the result of the inter- 
action is the same in either case. The product is a mixture of the 
hydrochlorides, C' 2 iH 2205 NAc,HCl, of two acetoxyisoanhydro- 
dihydromethylberberines, one of which is more readily soluble than 
the other. The more sparingly soluble hydrochloride (m. p. 253^) 
yields, on decomposition with ammonia, the acetyl derivative, 
G 21 H 22 O 5 NAC, which melts at 165— 167*^, together with some 
hydroxyMoanhydrodihydromethylberberine (ii) produced by hydro- 
lysis. It would therefore appear that the substance melting at 
1 66 — 167^ is aceioxyim(mhydrodihydromethylh erhmne (A), 

The more readily soluble hydrochloride gives, with ammonia, an 
acetyl base, C 21 H 22 O 5 NAC, which melts at 213— 215®, .and is pre- 
sumably aceto'xyhoanhydrcfdihydromethylherbenne (5). It is, 
however, difficult to be certain . as to the identity of these acetyl 
derivatives, since, on boiling with dilute hydrochloric acid, both 
yield a mixture ■ of the two . by droxyMoanhydrodihydrom ethyl-' 
berberines (.d) .and' (J).' ; 

iBoAnhydromethylberberine, 

In. connexion ' with" the ' investigation" of ^ the hydroxyMoanhydro-, 
dihydrocryptopines (A) and (B) (861), it was pointed out that one 
of ; ., the '. most " characteristic properties of these stereoisomerides , is 
the conversion into uoanhydroeryptopine (m. p. 158 — 160®), a 
'change which both undergo when they are^ boiled;.'' with -conoen tin 

.■'E '2 
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liydrocliloric acid oii*'. digested' with phosplioryl clilo^ride. The (d ) 
ai'id (B) modil'icatioiis o'f hydroxyAvoanhydrodiliydroirietliyl- 
'be't’beri lie' behave ill a'li exactly similar HiaT.irie,r (pv 756) and, .yield 
i^7Klnl^ydronletllylberb6rine■, 'which) like the coi'i'espond- 

iiig cryptopine derivative, crystallises beautifully in glistening 
prisms and melts at 123—124'^. The formation ot this substance 
from the hydroxyisoaiihydrodihydroinethylberberines is due to 
dehydration, and the change is probably correctly represented 
thus : 


\/ 


CHg 

•CH- 


/■ 


-OH— NMe 


Hy droxy-Moanhy drodi - 
hydrometliylberberine. 


CH 3 
OH — C 


-/V 

OH, 


-0 NMe 


/ 

Anhy drome thy Iberberine. 


imA yields well-defined, sparingly soluble 

salts, of which the hydrochloride, C^iH^iO^NjHC'l (m. p, 205 — 210°), 
and the hydriodide, C 2 ,j_TIai 04 N,HI (m. p. 247°), were prepared and 
analysed. 

When the' sulphate is boiled with excess of dilute sulphuric acid, 
hydration occurs, and two substances, C 2 iH 2305 N, are produced 
which melt at 215° and 165 — 167° respectively. 

These consist of the (A) and (B) modifications of hydrpxy^s'o- 
anhydrodihydromethylberberine, and the production of these inodi- 
ficatiO'iis, in this .manner,, is- strong evidence that the view' of tlieir 
forinatioTi from anhydromethylberherin© advanced on p. 731 h 

CO-lTectv' ' ■ ■ 

BeduefioR of IMliydrcmrihydr^^^^^ MeikoMiR'ide, ' 

The interesting beh-aviour -of dihydroanhydroberberi'ne , metho* 
chloride ■■ on reduction in boiling -dilute hydro-chloric acid solution 
with- sodium 'amalga'm' has been made.the subject of an ex,tended 
iiiveBtigation--'(p-. 758),- partly with the view .of .comparing the results 
with' those obtained from the stud-y- of the reduction of iwocryptopine 
chloride under the same conditions, an investigation which it is 
hoped will form the subject of a future communication. Under 
the. conditions ' mentioned, -dibydroanhydroberberine rnethochloride 
.-.-yields .a. 'q.-u a ternary .'chloride (a.) ■' and ' the-, hydrochloride- (5.-) of a 
,new. U'ase.':v.''. The 'quaternary ^.chloride.'- (a.),, produced by the .addition 
of, , tw.o, ' -ato-ms , of,' . hydrogen' ...-.to ' .tbo: dou.bie 'linking, can. „ be . .separated 
by fractional crystaliisation,..’ ,fnto ''two: '' substan.ces .melting .■ a-t 
245—250° and 280—285° respectively, and these ar'e..'.'id.m.i,tical ..-with-. 
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til© '(a-) and (jS-) modifications of the inethocliloride ol tetrahydro- 
aiiliydro'berberine first prepared by Pymaii (T-.^, 1913j 103, 825, 
826) by the addition of methyl iodide to tetrahydroaiihydro- 
berberiiie and subsequent treatment with silver chloride. The 
reduction of dihydroanhydroberberino methochloride in this case 
has therefore proceeded in a simple manner according to the 
scheme : " 


/\/ 

/\/ 

r ^ 

oBj 

C NMeOl 4 - 2 H = 

OH -NMeOl 

\/ 1 

\/ 1 

1 OH, 

1 CH3 




a process which creates an asymmetric carbon atom, and thus 
allows of the formation of stereoisomeric niethochlorides, because 
the molecule already contains an asymmetric centre, namely, the 
nitrogen atom attached to five different groups. 

The base from the hydrochloride ( 6 ) is a syrup, has the com- 
position C 21 H 25 O 4 N, and has therefore been produced from clihydro- 
anhydroberberine methochloride according to the equation 

The comparison of the properties of this base with those of a 
similar but better characterised base, which has been obtainecl by 
til© reduction of /A’ocryptopine chloride, leaves littl© doubt that its 
formation is correctly expressed in the following manner: 


/\/ 

OH, 






-NMeCI 

I 

CH, 


OH, 


OHj 

OH-NMe 


\/ 




CH, 


CH» 


This y base .bis ■ thQXQ.^om '': 4iJhydromethylmotetrahydTomi^^^^^^ 

;(coinpare,,Pym T.,,19X3, 103,' ' ,It, ■■'com.bines 

readily with methyl sulphate, and the resulting methosulphate is 
decomposed by boiling with methyhaicohoHc potassium hydroxide 
■,{p. ;''7'60), "'With ■ the - 'formation ' ;ol'- itUydrod4methylim 
mhiidroh^rhenne^ C 22 H 2 ^ 04 H':i:'''( 95 B)b'''''Th two directions' in' 

which the elimination of water • f tom- the methohydroxide (I) may' 
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iake place, leading tO' the fo-rmation of substances represented by 
fo-riiiiilse II or III : 



The xnechanisin of the change is, in both cases, so similar that 
there seems no- I’eason why the process should take on© direction 
rather than the other. Arguing, however, again from the analogous 
behaviour of isocryptopine chloride in the same circumstance® — in 
which case it has been clearly demonstrated that the substance 
produced by the elimination of water from the methohydroxide 
correspondiiig with I has formula II, and not III — ^there is every 
reason to suppose that the formula of dihydrodimethyh'sotetra- 
hydroanhydroberberine is that represented by II, This syrupy 
base yields a crystalline methosulphate, C22H2704N,Me^S04, which, 
on boiling with methyl-alcoholic potassium hydroxide, readily loses 
trimethylamme and water and yields a beautifully crystalline sub- 
stance, C20H20O4, which melts at 113 — 114 ®. 

Careful investigation of this substance has shown that it is com- 
pletely analogous to cryptopidene ( 827 ), and it has thei*efore been 
named ^ h erh eridemJ The intimate relationship between these 
two substance® is well brought out when their formulae are written 
side by side: 



The ;main evidence ■ in support of the formula assigned to crypto- 
piden© was derived from' the study -of itS' behaviour; on oxidation, 
when it yielded 5 : 6-methylenedioxy-o-tolualdehyde (I) and '5 :6- 
methylenedioxy-o 4 oluic acid (11) from' the upper part of the mole- 
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ciile and 4 : 5-dim©thoxy«2-alde]iydQbenzoic acid (m-opiaiiic acid, 
III) from ilie.' lower section : 



When berfoeridene was subjected to oxidation, in acetone solution 
with permanganate (p. 762) in exactly similar circumstances, it 
yielded 5 ; G-dimethoxy-o-tolualdehyd© (IV), 5 : 6-dimethoxy-o- 

toluic acid (V), from the upper, and an acid melting at 174 — 176°, 
which was doubtless hydrastic acid (VI), from the lower part of 
the molecule; 


/XoMe 

/X.OMe 

OHO'^^OMe 

COjHl^^OMe 

CH3 

OH, 

(IV.) 

(V.) 



CO^H 

COsH 


(VI.) 


The formation of these substances is obviously in complete 
harmony with the constitution assigned above to berberidene. 


Anhydromethylherherine M ethostd'phate and ^-Methylherhennium 

Chloride, 


Anhydrocryptopine combines readily with methyl sulphate, yield- 
ing a colourless, crystalline methosulphate (978) which resembles 
other methosulphates in many of its reactions, but is characterised 
by the remarkable fact that it is decomposed by alkalis with 
regeneration of anhydrocryptopine, whereas normally the methyl 
derivative should have resulted. Attempts to explain the unusual 
course of this decompesition were made at the time (B54), but it 
was not then pointed out that if the reaction had proceeded 
normally it would have led to the formation of a substance con- 
taining a #triple bond, and it is possible that the disinclination to 


X\/. 


X/" 


--NMej-OH 


:CH, 
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fcriii sRcli a substance may be very great and is perhaps a factor 
in bringing about tlie abnormal decomposition of the methosulphate. 

Ill view of the unusual properties exhibited by anhydrocryptopine 
methosulphate, it was 'dearly of interest to ascertain whether 
anhydromethylberberine would yield a methosulphate which, would 
behave in a similar manner. This has been found to be the case. 
Anhydromethylberberine, C21H2JO4N, combines readily with methyl 
sulphate, and the resulting methosulphate, C2iH2i04N,Me2S04,Il20, 
crystallises from water in colourless needles melting at 150 — 152 °. 
The metModide, C2iH2i04N,MeI, obtained from the^ methosulphate 
by precipitation with potassium iodide, closely resembles anhydro- 
cryptopine methiodide in appearance and general properties, and 
it is curious that both melt at the same temperature ( 188 — 190 °). 
When anliydromethylberberine methosulphate is digested with 
methyl-alcoholic potassium hydroxide, decomposition occurs readily 
and a substance separates which, after crystallisation from methyl 
alcohol, melts at 92 — 94 ° and consists of anhydromethylberberine, 
the yield being almost quantitative. In this decomposition, 
anhydromethylberberine methosulphate behaves in precisely the 
same unusual way as anhydrocryptopine methosulphate. 


ip-M ethyl h erb erinmm G hlortdef 


/V 

f OH, 
C— ]kMeCl 


Y 

YYcHMe 


Just as ^i'-cryptopiiie chloride (m. p. 110®) resulte froru the 
action of boiling concentrated hydrochloric acid on ’anhydrocrypto- 
pino methosulphate (984), so the same process applied to auhydro- 
methylberberin© methosulphate leads to the formation of t^-methyl- 
herberirdum. chlonde, G 2 iH 2204 NCl,H 30 . This interesting qua- 
ternary chloride closely resembles ^-cryptopine chloride in»its curious 
colour reactions and other properties (p. 751). It crystallises well 
from dilute hydrochloric acid, melts at about 95— 100°, and yields, 
when its aqueous solution is mixed with potassium iodiAB, 

,6 erb mwm iod'fde. GgiHgaOiNI, which melts at 175— 180° 
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Reduction of Oxi/herherine to Tetrahi/droanhydroberherine, 


\/ 


/\/ 

CH 

II 1 

C — N 


CH, 


CH, 


CH, ' „ 

I CH, 

CH-N 

\/ I 

[ CH, 

-^'ch/ 


The synthesis of oxyberberine was accomplished by Pictet and 
G-ams in 1911 (Compf, rend., 152, 1102), but as these investigators 
were unable to reduce oxyberberine to tetrahydroanhydroberberme, 
which, on oxidation in acid solution, would in turn yield salts of 
berberine, they were obliged to devise another method in order to 
complete the synthesis of the salts of berberine ((Jompt. rend., 
1911, 153, 386; Ber., 1911, 44, 2480). The present author finds, 
however, that oxyberberine may be readily reduced eleetrolytically 
to tetrahydroanhydroberberine under the conditions given on 
p. 764. It follows, therefore, that the synthesis of oxyberberine by 
Pictet and Gams is now also a synthesis of berberine 


E XPERI MENTAL. 

The A ction of Soditm Hydroxide on Berherinw GhlorMe. 

Predparatmn of Oxyherherine and Bihydrocmkydroh 

The conversion of berberinium sulphate into oxyberberine and 
^dihydroanhydroberberine by heating with sodium hydroxide was 
’/first observed by.Gadamer {Arch. Fliarni., 1905, 243 , 35), and at 
;a later date, 1910, 248, 676) more complete details ■ of , the 

process and of the isolation of .the products were given by the same 
investigator, 'The method recommended is, however, a tedious one' 
and 'has the disadvantage that .the isolation of the products 'not 
only entails a large number of operations, but ' necessitates The, use 
of large volumes of ether. 

. ' Since , considerable ', quantities of dibydroanhydinherberine were 
required for the present research, the '. author has carried ' ' out", a 
series of comparative experiments, on the action of 'sodium, 'hydroxide 
OB' "berberinium ./'chloride (which is more acce.ssibie', 'than'', the 
sulphate), "and,,' aS' the, result, 'the. following procedure ■, '.has 'been 
,,„adopted..,i' 0 ‘r the .preparation ./.of /d'ihydroanhydroberberine 'and 'Oxy*- 
berberine,. . Coinm.ercial . , berberine hydrochloride' " .'.{berb.eri.Bium 
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cliloride, 500' grams) is tliorougHy mixed witli aqueous sodium 
hjclroxid© (700 c.c. of 30 per cent.) in a stout, round-bottomed 
flask and left dor half an hour. The flask is then suspended ia a 
large enamelled basin full of cold water, and. the basin slowly heated 
over a ring burner in such a manner that the water comes, to the 
boil ill about half, an hour, and it is better not to stir at this stage. 
The heating is continued for an hour, ' during which the viscid, 
dark brown mass may be shaken round repeatedly so as to bring 
it into better contact with the alkali. On keeping overnight, the 
black, syrupy layer will have solidified ; the aqueous alkali is then 
run off, the mass washed in the flask with water by decantation, and 
mixed with dilute hydrochloric acid until the whole is strongly 
acid. After heating on the steam-bath and filtering by the aid of 
the pump, the residue is ground up and the treatment with hot 
dilute hydrochloric acid repeated until all the basic substance has 
been extracted and a nearly colourless mass of oxyberberine remains. 

The different extracts are mixed, while still hot, with concen- 
trated hydrochloric acid, when, on keeping, a large crop of crystals 
separates which consists of the hydrochloride of dihydroanhydro- 
berberine mixed with varying quantities of unchanged berberinium 
chloride. 

The crops of crystals from the hydrochloric acid extracts, obtained 
as described above, are collected, washed with dilute hydrochloric 
acid to remove the dark greenish-brown solution, and recrystallised 
by dissolving in the least quantity of boiling water and adding 
concentrated hydrochloric acid. After being collected, the crystals 
are dissolved in hot water and mixed with excess of ammonia, 
when a dark brown, semi-solid mas% separates which soon hardens. 
This is ground up and washed by the aid of the pump with hot 
water, until .the fil, irate is no longer dark ' purplish-brown ; * the,, 
residue is then left on porous porcelain iintil dry* In order to 

♦ The intensely coloured filtrate deposits, on keeping, a splendid chocolate 
coloured salt which crystallises from hot water in brilliant chocolate 
coloured needles and was at first thought to be a now substance. In. this 
condition the salt had the remarkable property of dissolving in boiling 
dilute hydrochloric acid to an orange solution and separating in deep 
orange' needles,. Even after repeated recrystallisation from dilute hydro* 
chloric acid, the salt retained the peculiarity of dissolving in boiling dilute 
ammonia to an intense pu^le solution from which chocolate coloured 
needles , ‘'Separated -on: ''Cooling. ■ However, after repeated orystalHsation 
from^ .methyl alcohol, the, salt lost this; .property and was, found to 
■consist' of berberinium chloride, since it. yielded oxyberberine and' dihydrO'- 
'''anhydroberberine, '.wit^ s,odium ■ 'hydroxide^' .The methyl-alcoholic ' mother 
liquors contain the highly coloured substance and, when the solution' 'is con- 
centrated, this separates, mixed with berberinium chloride, in almost black 
needles, the nature of which has nO't been determmed., ' 
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purify this, crude dibydro-anhydroberberiiieij the best plan is to 
triturate it with methyl alcohol, in which it is sparingly soluble, 
then to transfer to the filter and wash with methyl alcohol until 
the intensely red impurity has' been removed, and finally to repeat 
the same' process with acetone. The residue melts at 163 — 166^ and 
is dihydroanhydrobe-rberine of good quality; after two crystallisa- 
tions from acetone the. substance is quite pure (m. p. 168 — 170^). 
The acetone liquors from the washing and crystallisations of the 
crude dihydroanhydroberberine yield, on concentration, a further 
crop, which is, however, very dark coloured, and the better plan 
is to distil off the acetone and dissolve the dark syrup in boiling 
dilute hydrochloric acid. The solution is mixed with concentrated 
hydrochloric acid, the hydrochloride which separates on keeping is 
recrystallised and worked up for dihydroanhydroberberine exactly 
as already described. Since Faltis {Monatsli., 1910, 31, 565) has 
stated that the substance obtained in the decomposition of a 
berberinium salt with sodium hydroxide ie not dihydroanhydro- 
berberine, C 20 H 39 O 4 N, but tetrahydroanhydroberberine, C 2 oH^i 04 N, 
three different preparations were analysed : 

01142 gave 0*2970 CO 2 and 0*0581 Hc>0. C = 70*9; H = 5-6. 

0*1075 „ 0*2805 002 „ 0*0550 H^O. 0 = 71*2; H = 5*7. 

0*1161 „ 0*3032 002 „ 0*0591 HgO. 0=71-3; H = 5-7. 

C 20 H 19 O 4 N requires 0=71*2; H = 5*6. 

O 20 H 21 O 4 N requires O'=70‘8; H = 6*2 per cent. 

Diliydroanhydroherhefine melts, according to Gadamer, at 
169 — 170^, and the specimens used in the above analyses all melteti 
when moderately rapidly heated at 168 — 170°. An intimate mix- 
ture of approximately equal amounts of dibydroanhydroberberine 
and tetrahydroanhydroberberine (m. p. 170°) softened at 140 — 145° 
and was completely melted at 152°, so that there can be no question 
of their identity. 

Dihydroanhydroberberine is sparingly soluble in methyl alcohol 
or acetonei, even on boiling, but dissolves more readily in boiling 
ethyl alcohol. It is rathar readily soluble in boiling benzene, from 
which it crystallises well in yellow prisms. The solution in acetic 
acid does not give a characteristic coloration on the addition of 
sulphuric acid, but the addition of a trace of dilute nitric acid 
causes a deep hrown to develop. 

In view of the fact that anhydromethylberherine (p. 730) is so 
readily changed by boiling with hydrochloric acid, and this sub- 
stance and dihydroanhydroberberine are so similarly constituted 
it seemed desirable that the behaviour of dihydroanhydro- 
berberine towards hydrochloric" ■ acid should also be investi- 
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gated. The powdered base dissolves readily when mixed with 
concentrated hydrochloric acid and heated to boiling by means • of 
a sulphuric-acid bath, and the deep yellow solution becomes paler 
as the boiling continues. After ten minutes, the hydrochloric acid 
was boiled oil, leaving a yellow syrup which, on the addition of 
water, ' immediately ' crystallised in yellow needles, and these con- 
sisted of dihydroanhydroberberine hydrochloride. The solution of 
the salt ill warm water gave with ammonia the free base, which, 
after crystallisation from methyl alcohol, melted at 168° and con- 
sisted of dihydroanhydroberberine. 

The Stahility of Diliyclroanhi/droherbem and its S(d4s when 
exfosed to Ai/\~It is pointed out in the introduction (p. 726) 
that Gadamer more than once directs attention to the ready 
O'Xidisability of dihydroanhydroberberine and its salts when left in 
contact with air (for example, Areh. Phann., 1905 , 243 , 67 ; 1910, 
248, 671, 672, 674), and that the present author is unable to con- 
firm this ready oxidisabiiity. The evidence in support of the 
stability of dihydroanhydroberberine and its liydrochloride' towards 
atmospheric oxygen is as follows: A specimen of dihydroanhydro- 
berberine which had crystallised from acetone in small crystals and 
melted at 167— 168° was analysed in December, 1917, and yielded 
0=71-2, H = 5* 7, whereas CooHiAN requires G = 71-2, H = 5*6 
per cent. This specimen was left on a watch-glass In a large drawer 
which was in frequent use, fully exposed until the end of June, 
1918, when it had not altered in appearance, still melted at 
167— 168°, and yielded on analysis 0=71-1, H = 5‘6. In the second 
case, dihydroanhydroberberine hydrochloride, prepared from the 
pur© base, was repeatedly recrystallised from dilute hydrochloric 
acid, and a portion taken and dried af90°,' when it yielded 0= 6T5, 

^ 11 = 57,: whereas C2(jHx904H,HCl,H20 requiras C = 61'3, ,Ii='5’6 per 
cent.' The remainder' (14'' grams) was. 'left on a porous plate' , ex- 
, posed to, the air,, in the drawer already mentioned, for' a like 
period' of ,abmit six' months', and 'had then the same brilliant appear- 
■ance as'at first. , , When a, weighed, portkn was , heated at 90° ii'ntil, 

,' '..■constant, ,it' lost 12*1 per cent., and'-'the' residue gav'©' on ^analysis 
..,' 0=61 -"S', TI=,5,7, „'or ' almost' exactly the'-, same ' result as before ex- 
.posure.^ ',. It' .may be 'pointed' -out' "that these', and other analytical 
' 'results,',, point; to, 'the fomula C2'oHig04H,H01,4H20 as ■ repres'enting 
.: the': . composition :of : .dihydroanhydroberherine, .hy'drochloride, and 
'.show '.that '.of', the ^.HgO^'.one' rem'ains'„at 90°, exactly ^ a'S,'' in the case, 
' ';of :' ' AoHj AN,HC'!,4'H20, losing' 

means a loss of 12*1 per cent., and .the formula.' ''C2oIij904K,H'0 
requires C=6T3, H = 5-6 per cent. Gadamer states that his 
analytical results point to the formula C2oIiio04N,HCl,3H20, but 
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ills determinations of water of crystallisation and chlorine* agree 
fairly well with the formula containing 4 H 2 O. 

Since there is little difference in composition between ber- 
beriniuiii chloride, Cl, and dihy droaiihy droberberine 

hydrochloride, ' it was still necessary to: prove that the salt 
which had been exposed to the air consisted of the latter 
substance. For this purpose, the hydrochloride (13*5 grains), 
dissolved in a iittle hot water, in which it is readily soluble, 
was made alkaline with ammonia and allowed to remain until the 
viscid precipitate had hardened. While still warmj the precipitate 
was collected, triturated with water, and thoroughly washed ; it was 
then dried on porous porcelain in the steam-oven, and weighed 
9*75 grams, whereas the amount of dihy droanhy droberberine which 
should have been produced from 13*5 grams of , the pure hydro- 
chloride, C 2 oHic) 04 N,HG 1 , 4 H 2 jO, is 10*2 grams. The base on crystal- 
lisation from methyl alcohol melted at 166—168°, and was pure 
dihydroanhydroberberine. The ammoniacal mother liquors gave, 
on concentration under diminished pressure and admixture with a 
large excess of hydrochloric acid, a slight crystalline- precipitate. 
On remaining in the ice-chest, this increased somewhat, and, after 
collecting, washing with dilute hydrochloric acid, and drying in the 
steam-oven, it weighed 0*55 gram, and consisted of berberinium 
chloride'. Apparently, therefore, oxidation had taken place, but to 
a very slight degree. 

(JryBtallographical Examination and Comparison of Dihydro- 

anhydroh erherine cmxl T etrahydroariliyd/roh erh esine 

’ ■ *’ #■ 

It has already been pointed out (p. 725) that Faltis {Monatsli .^ 
1910, 31, 565) had expressed the opinion that the base obtained by 
the action of concentrated alkalis on the berbermium salts is not 
dihydroanhydroberberine, as claimed by Gradamer (*4rc7^. Pharm-i 
1905, 243, 35), but is, in fact, tetrahy droanhy droberberine. In 
order the more effectually to disprove this view, specially pure pre- 
parations of the substances in question were made, crystallised from 
acetone, and several well-developed crystals of each carefully 
measured. t The author is. indebted' to- .Miss Porter and Mr.: T,.. Y . . 
Barker for undertaking the measurements. 

^ There is a slip in the calculation of the chlorine content of 
02 oHis04N,HC1,3H20, 

.which; should be 8«3 and not 9*5 per , cent. , 

'.f . Tetrahydrpanhydroberberine,. prepared by the; reduction .of ■..berfoeriniuni' 
chloride, or .sulphate with' zinc and '.dilute, -acid, is rarely .■. obtained.'.' colourless* 
and: the:, 'crystals,;. retain,' 'their .■..colour’ persi'stently. e'V.en,' ''aft' 0 .r' ; ,repea.tecl.' ' re-' 
cry stalliS'ati on. .In': order .to ' remove the. 'colour," a good ' plair , '■ Is: to reery stallise. 
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DihyflrocmJhydf (M., W. Porter), 

The crystals are mo'iioclinic with the axial ratios : a:b : c — 1*708 : 
1:0'831; 0 = 96°40^ Determinants: Oll/OU'/lOO, Coinplex- 

symbol: 47i;p6|/59-|/-5. Forms observed: ai{1.00}5 
^^.{120}, ^{011}, The crystals of this compound are slender, pris- 
matic in habit, as vshown in Fig. 1. The form ^{100} is fairly well 
developed, but predominates. The faces of the form 

to{ 120} are narrow. Four fairly good crystals were measured. 
The results of the measurements are shown below. 


No. of 

Face. readings, 
a (100) 7 

m{110) 10 

(120) 9 

q mi) 6 


Azimuth (<t). 

Limits. 

Obs. 

Calc. 

89®47'— 90®12' 

89°09' 


30 18 —30 40 

*30 31 

— 

16 30—17 12 

16 48 

16 25 

7 35 — 8 14 

*8 0 

— . 


No. of 

Face. readings, 
a (100) 7 

m(llO) 10 

w (120) 9 

^( 011 ) 6 


Polar distance (p). 

: 

Limits. 

Obs. 

Calc. 

90®0' —90^8' 

90T' 

.90®0' 

90 0 —90 0 

90 0 

90 0 

90 0 —90 0 

90 0 

90 0 

39 51 —40 6 

***40 0 

■■ — 


Fig. 1. 



Tetrahydroanhijdroherherine (M. W . Porter). 

The crystals are monoclinic and exhibit the forms 

<3!.{100}, and c{001}, with the octahedral habit shown in 
Fig. 2. ftystallographic constants: 47^54^ a(48^17^)m(4P43^)6, 
'5G'®36^ 89°4/;,: pry alternatively,'^ :0’904, 

the hydrochloride from glacial acetic acid, in which it is rather sparingly 
soluble, until the ■ salt is perfectly White and then to liberate the' base and 
crystallise it from alcohol or'' acetone. ' ■Tetrahydroanhydroberberme.pnrifietl 
in this way is perfectly colourless 'and' melts at 174®, ' 
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De-terniinants : 010/001/100. Complex-symbol;' 4d; +1/59/ +3. 

Fo'IIowing’ are' tlie mean observations fi^om three, crystals ; , 

a (100). c (OOl), o' (111), d(lll). 

Azimuth '(<?») 'Eaceof' "90°0' ' . 47°5i' H7%r ' 

Polar distance (p) ... reference *89 i *120 20| 58 38 (Calc, 58 37) 

Although the crystals are pseudo-orthorhombiC; an optical ex- 
amination agreed with monoclinic symmetry. 


Fig. 2. 



This substance may be prepared by adding excess of freshly dis- 
tilled methyl sulphate (10 c.c.) to a solution of dihydroanhydro- 
berberine (10 grams) in boiling benzene, when there is no immediate 
precipitate, but gradually the yellow methosulphat© separates in 
prisms. After remaining overnight, the mass is collected, washed 
with benzene, and dried in the steam-oven, when a yield of 10 grains 
is obtained, and a further crop of less pure material separates from 
the concentrated mother liquor. The whole is crystallised from 
methyl alcohol, in which the methosulphate is sparingly soluble and 
from which it separates in well-developed prisms, A better method 
of preparation is to shake the base (10 grams) with methyl sulphate 
(15 c.c,) in a stoppered hottle, when a thin paste is formed with- 
out development of heat. On keepings the paste gradually becomes 
thicker, and after eight days combination is complete'. The pro- 
duct is triturated with benzene, filtered, and the residue crystal- 
lised from methyl alcohol. The comparative slowness of the com- 
hination is evidenced by the fact that, if the mass after two days 
is washed with benzene and boiled with water, only about half dis- 
solves' .as .the' ''methosulphate, and the "rest is unchanged dihydro- 
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anliydro'berberiiie. For analysis, the air-dried substance was dried 
in thc' steaiii-oveii, when it lost about 8 per cent. : 

0‘1168 gave 0*tM35 CO. and 0‘0578 Ilf). C^56*8; 

G 2 (;)H-i 904 N,M.ei 2 SO 4 requires C = 57‘b; H=:5-4 per cent. 

Dlhydroarihydroher^^ niethosidphate shrinks at 140^ and 

melts at about 205*^ to an amber syrup; it dissolves sparingly in 
cold, but readily in hot water, and separates as a very voluminous 
mass of microscopic, lemon-yellow needles which filter with difficulty. 
The air-dried crystals seem to contain tFLO, since a specimen which 
had been exposed to the air for ten days gave the following results : 

0-1132 lost 0-0147 at lOO*^. ^0 = 13-0. 

C2QHj904N,Me3S04,4H^0 contains H20 = 13-3 per cent. 

The residue, 0*0985 gave 0*2050 COo and 0*0485 Mf). C = 56'8; 

H = 5*5 per cent. 

Miss M, W. Porter was kind enough to examine some crystals of 
dihydroanhydroberberine methosulphate which had been obtained 
from methyl alcohol, and reports as follows : 

The crystals are orthorhombic and exhibit the forms c{001} and 
p{lll}. The habit is tabular, parallel to c (see Fig. 3), which is a 
pjane of perfect cleavage. The mean results of measurement for 
2i(lll) are: azimuth (<^) =48^40^; polar distance (/)) = 64°26^ 
Axial ratios: a: h : 0 = 0*879 :1 : 1*380. Determinants : 01 0/100 / 001 . 
Complex-symbol : Ad / 64^26^ / + 3°40b 


Fic. 3. 



The aqueous solution of the methosulphate gives no, precipitate 
on 'the'a',ddition of ammonia, .even OU' b-oiling,. but. hot concentrated 
sodium, hydroxide produces, a .milky .solution, from which a,, white, 
crystalline precipitate, , separates. ; , . The 'methosulphate^ is readily 
.soluble in .glacial ace'tic .acid, nnd the, addition of sulphuric acid 
produ.ces ,, , a,. p,ink,' „ coloration . . which , ■ ,on ■ keeping, . , becomes more 
.intense A a; drop, of,, dilute' .nitric, -acid changes, this to* deep claret, 
and then ,, to , brown. ' The henz-ene.' washings of the crude metho- 
.sulphate, , , aS:.. ' well ,as . .the ' ' . aqueou.s ' and methyl-alcoholic mother 
liquors, '' contain.' a, ,. second"' ieubstance,.' which, is much .more", readily' 
soluble,, than 'the m,,ethosulphate, and' .can be,, separated,, from'' it' by 
fractional crystallisation from, 'water. The amber' prisms' .obtained' 
in this way, on,'',,ithe ''','a,,;cid,ition'-'of. ammonia', to .their aqueous :soliitio,n,. 
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gave a precipitate' of dibydroanhydroberberiiie, and consist, tbere- 
fore, evidently of diliydroanhydroherhevinc ' methyl hydrogen 
sulphate : 

0-1002 gave 0*2055 "CO'a and 0*0475' H2O. C=56'0 H = 5*2. '■ 
02()Hi904lsr,M6HS04 requires C = 56*l; H = 5‘l per cent. 

When any considerable quantity of tbe crude mixture of metbo- 
sulpbate and inetbyl hydrogen sulphate accumulates, a good plan 
is to' dissolve the whole in boiling- water and add ammonia. The 
dihydroanhydroberberine which separates is rapidly collected, and 
is remarkably pure, whilst the hot filtrate, on keeping, deposits the 
pure iiiethosulphate. 

Diliydroanhydroherh enne Methiodide^ C2oHi904N,MeI . — A boil- 
ing dilute solution of dihydroanhydroberberine methosulphate 
gives, on the addition of boiling dilute potassium iodide, a clear 
solution, from which the iodide immediately begins to crystallise as 
a lemon-yellow powder : 

0-1175 gave 0*2265 COo and 0*0472 H.p. C = 52-6; H = 4-5. 

C21H22P4NI requires C= 52*6 ; H = 4*5 per cent. 

This iodide darkens rapidly above 190°, is brick-red at about 
200°, and melts at about 215—220° with effervescence to a reddish- 
brown froth. It is very sparingly soluhle in water, but compara- 
tively readily so in boiling alcohol, from which it separates in thin, 
microscopic plates. This methiodide is evidently identical with the 
substance which Freund and Fleischer (^Ammlen^ 1915, 409, 231) 
obtained from dihydroanhydroberberme by the direct action of 
methyl iodide, which they found to melt at 223 — 224°. 

The mefdwehloridej C2f)IIj904N,MeCl, was obtained by grinding 
the iodide to' a paste with water, adding much water and freshly 
precipitated silver chloride, and heating on the water-bath for an 
hour. After filtering, the almost colourless solution was concen- 
trated and allowed to reinain, when a crust of glistening, well- 
developed, four-sided prisms separated, which were collected, 
ground, and allowed to remain exposed to the air for a week. The 
substance' appears to. contain' SH^Oy'of which' 4B[2'0: . are removedv'by 
drying at 'about 95°'':' ' 
t',§*;'T2a7 lost 0*0229.'''at'':9'5°.':'''H2O'±=T^ 

; 021112204^01 , losing AU^O requires , H2O ' 

After drying at 90°, 0*1267 gave 0-2890 COo and 0-0671 H.O. 

02 tH 2204 ^Gl,H^ 0 ' requires I H:=6'‘9 ■per',;eeht^^'^',,{'-''''':::'^^^^ 

Dihydroanhyelroherherine methochloride melts and decomposes at 
about' : 223°;': wi% ■eY5iufe;ott,v©f ■;'gaiS'';''tb';-a Inrow 

soluble in cold, but readily so in' boiling water, and a drop of the 
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solution aiiixecl wiili dilute sulphuric acid gives, on the addition ol 
a , trace of iiiaiiganes© dioxide, a pink coloration wliich, on boiling, 
becomes claret coloured. It dissolves ■ readily in hot glacial acetic 
acid and crystallises, on cooling, in needles. , The* addition of 
sulphuric .acid to' the solution of a crystal in a drop of glacial acetic 
acid produces an intense purple coloration. When the methochloride 
is heated in a drawn-out test-tube by means of a. sulphuric-acid 
bath at 230° for a couple of minutes, methyl chloride .is eliminated, 
and the solution of the dark brown residue in boiling methyl alcohol, 
deposits pale brown crystals which melt at about 165 — 167°, and 
consist of dihydroanhydroberherme (compare this vol, p. 506). 


Anhf/dromethylberberme^ 



Anhydromethylberberine is obtained when dihydroanhydro- 
berberine methosulphate is digested with methyl-alcoholic potassium 
hydroxide, and it is important that the methosulphate should be 
quite free from dihydroanhydroberberine methyl hydrogen sulphate, 
otherwise the anhydromethylberberine will be contaminated with 
dihydroanhydroberberine, and then very difficult to purify. The 
methosulphate should therefore be reerystallised from methyl 
alcohol until its aqueous solution, on the addition of ammonia, 
■rem.a.ms perfectly clear, even ' on . warming. .The methosulphate 
(5 grams),' dissolved in the least possible quantity of boiling methyb 
alcohol, Js mixed' with. me.thyl-alcoholic potassium hydroxide (30 .c.c.' 
.'of.':25 per. cent.).. and 'vigorously boiled, so'thatm.uch of the methyl 
..alcohol escapes. The ., clear s.olution- soon clouds, and; oily drops 
separate'. .which sink to a yellow globule at' the .bottom of the. vessel. 
After.. ten. minutes, the whole- is', vigorously shaken under cold water 
;.in ' order to granulate the mass, -'water is- added, .the rather viscid 
.precipitate,, collected,' washed with, .water, and' ground and washed 
.-' with, inethyr;,alcohol,.,, which removes'. -.-a .good deal , of. oily ' impurity 
-■and leaves, '.a pale, yellow, '-crystalline mass. Finally, the substance 
is rapidly crystallised from methyl alcohol or acetone* Difficulty 
was experienced in obtaining good analytical results until a lead 
chromate tube was employed : 

|::';::0,Tdai :gave'::0^26.35.':GO^;und 0*0548 

0^7V8; 

;requir|e^0a^:fl 'By .H"=^:"6r0 . per' '-cent, -:' : ' 
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Anhydrom&thylherherine .melts at 94 — 95^^, and, like ankydro- 
cryptopiiie (m. p. 110 — 111 ®, p. 975), is sparingly soluble in metkyl 
alcokol, from' whicli it crystallises, if the operation is carried ont 
rapidly and with small quantities (see below), in ferndike 
groups of needles; it separates from acetone, in wMcb it is readily 
soluble, in pale yellow prisms. Unfortunately, these are striated, 
and tberefore unsuitable for measurement and comparison with the 
crystals of anbydrocryptopine (976). 

Anhydrometliylberberine is a weak base, since its bright yellow 
solution in glacial acetic acid is precipitated by water, and it does 
not dissolve in very dilute hydrochloric acid in the cold. 

A trace of the substance dissolved in a drop of acetic acid gives 
with sulphuric acid a faint yellowish-brown solution which rapidly 
becomes chartreuse-green, and the addition of a trace of dilute 
nitric acid changes the colour to bright cherry-red. 

If benzene diazonium chloride is added to the solution in acetic 
acid, a deep orange-red coloration is produced, and precisely the 
same reaction is shown by anbydrocryptopine. 

When boiled with methyl alcohol in contact with the air, anhydro- 
inethylberherine rapidly undergoes some profound change, since, 
although it is very sparingly soluble in this solvent in the cold, only 
a comparatively small part separates on keeping, particularly if 
the experiment has been carried out with large quantities of 
material and there is no further separation on concentrating the 
dark brown mother liquor. When the mother liquors from a 
number of crystallisations were allowed to remain in a flask ex- 
posed to the air, a crystalline crust gradually separated, and in 
some cases — notably when pure anhydromethylbeiberine had been 
recrystallised— -the new substance separated in rosettes of garnet 
prisms, but the amount was always very small (990) : 

0-1039 gave O' 2393 COg and 0*0511 HgO. H = 

C. 21 H 21 O 7 N reqiiires .C — 63*1 ; H== 5*3 per cent. , , 

This substance, which apparently contains the grouping 

. ■ do OT*OH 

I I 

0(0H)-NMe , 



/'\ch:oh, 

and ';,/f or which:' thq^;:ntame 

''melts at ' ■ 15'3--^1 S6®;'':'ahd ■: is':': A' ■ 'f e^'le' base^, 
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solve ill cold dilute liydrooHoric acid; on boilings decoiripositioii 
appears to occur and a milky liquid is produced. The solution in 
glacial acetic 'acid is almost colourless, but becomes deep orange 
when mixed with sulphuric acid, and the addition of a trace ot 
dilute nitric acid produces a dark brown coloration. Ihe dark: 
brown iiiethyl-alcoholic mother liquors from which this substance 
had separated contained a large amount of a resinous substance, 
the nature of which has not been investigated. 

E educ tion 0 ‘f A nhydrom. e t liylh erh erine t o N-lf e f // so ^ e traliydro- 
anhydroherherme (B ). — This reduction was carried out under the 
following conditions : Anh3’’droniethylberberine, dissolved in 'warni 
concentrated hydrochloric acid or dilute sulphuric acid (20 per 
cent.), was immediately mixed with ice in a flat basin standing on 
powdered ice; a large excess of . 4 per cent, sodium amalgam was 
then added, care being taken to keep the liquid strongly acid 
throughout the' operation. If hydrochloric acid has been employed, 
the sparingly soluble hydrochloride of A -methyl ?lsot©trahydrO“ 
anhydroberberine will have separated, and this is collected and re- 
crystallised from much water or, better, dilute acetic acid. 

Ill the case of the use of sulphuric acid, which seems to lead to 
a rather better yield, the base is precipitated with ammonia, dis- 
solved in dilute hydrochloric acid, and the hydrochloride recryatal- 
lised. 

The pure hydrochloride is then decomposed and the base several 
times crystallised from, methyl alcohol. (Found: C = 7ri; 11 = 6*5. 
C21H28O4N requires C = 7l '4 ; H = 6‘6 per cent.) 

This substance melts at 113—115°, .and was^ showi:!, by d,irect co;ni‘' 
parison, to ,be identical with Amiethyliso.tetrahydrOjinhydrobe:rberl:iie 
(i?), :, which Fyman (T.,; ,1913,. 103 , 827, sk) obtained , by the, 
dehydration' of tetrahydroanhydroberb6rine'..,inethDliydrox:icle., , 'The 
Aydriodide^^ C3iH2ii04N,HI,. which .does ' not ''appear to ha've l>ee:n 
described,' was prepared by adding. boiling diiitto' potassium, iodide, 
to'the boiling solution of the. hydrochloride, when there, was in,> 
immediate ,precipitato, but, on keeping,, the hydriodide, separated ,',;i!r 
rather indeflnite ' balls of meedles. . It darkens at '220° and melts 
rather sharply at 225'° with decomposition : 

;; ,0,*10d5 "'gav© 0-19,38 CO. 'and 0*0461. .0= 52T); 'H = 4*5, 

'^'21^24^4^1 C'==;52'4'; H = 4’9 per cent. 
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/ 

CH 

il , 

Anliyclrometliylberhmine Methosulphate, G-- — HMe 5 j,MeS 04 . 

\/ 

I 

■^\ch:ch2 

111 preparing this substance, anliydronietliylberberiiie (15 grams) 
was mixed witli metliyl sulphate (20 c.c.) in a bottle and well 
shaken, when the feebly basic nature of the substance was evidenced 
by the fact that there was no rise of temperature and no apparent 
immediate action. During twenty-four hours much had dissolved, 
and gradually the whole became a viscid syrup which, on further 
shaking, set to a semi-solid mass. After seven days, the mass was 
triturated with benzene, collected, washed with benzene, and left 
exposed until free from the solvent. It was then dissolved in boil- 
ing water, from which it separated readily in leaflets, and once it 
is recrystallised it becomes sparingly soluble in water. On keeping 
exposed to the air, the crystals lose their lustre, but the air- dry 
substance does not lose weight in the steain-oven, although it still 
appears to contain IH2O : 

0*1218 gave 0*2508 CO^ and 0*0652 H.O. C = 56*l ; H=5*9. 

C2iH2i04N,Me2S04,H20 requires C = 55'8; H = 5*7 per cent. 

Anhydromethylherhe^ methosidpJmte melts at about 150—152° 
with vigorous eflervescenoe, due to* the escape of steam, and the 
brown syrup, which remains, dissolves in hot water and separates 
on cooling in white leaflets. It crystallises from water in colour- 
less, flat needles, and is readily soluble in boiling methyl alcohol, 
from which it separates in groups of thin plates. A trace of the 
substance .dissolved' in ..a .drop of '.glacial, acetic acid gives, .with' 
sulphuric acid, a pink solution, and a drop of dilute nitric acid 
added. to this changes the colour 'first .to intense blue and then to 
brown. ' 

" ; When the solution . in; boiling, , methyl , .alcohol is .■ mixed ■ with, 
methyl-alcoholic ... potassium: .hydroxide' .and. heated, .on th,e ..s^team.,-. 
bath, ' it. soon becomes, v milky, and 'an. oil separates after '.a".' feW': 
.'minutes. ''' The'-produot was'' mixed- with '.water, the wiscid' precipitate 
collected, '-..^washed,' .an'd " dissolved', ''in: . boiling' methyl alcohol, 'from: 
which, on rubbing with a glass rod, minute yellow prisms separated 
which melted at 92 — 94°, and consisted of anhydromethyl- 
berberine (979). _ - 

A nhyiromethylh erberin'e MetModide, C 2 iHgi 04 N,MeI When 
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boiling dilute potassium iodide is added to tbe boiling dilute solu- 
tion of tile inethosulpliate, a clear solution is obtained^ and remains 
for some time, but, on rubbing with a glass rod, the iodide immedi- 
ately commences to separate in groups of flat prisms: 

' 0-1040 gave 0*2052 COg and 0-0461 ■ 0=:53-7; H==4’9. 

C 22 H 24 O 4 NI requires C==53'5; H=='4'9 per cent* 

This methiodide becomes brown at .185° and melts at 188—190° 
with vigorous decomposition to a brown froth (980). It is com- 
paratively readily soluble in boiling water, but sparingly so in the 
cold, and the hot solution, on cooling, becomes milky and then 
crystallises. It is rather readily soluble in boiling alcohol and 
separates in groups of striated plates. 


\j^-MethylbeTberinimn C hhride^ 
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This interesting substance is obtained from anhydromethyl- 
berberine inethosulphate by the action of concentrated hydro- 
chloric acid (984), 

The methosulphate (1 gram), dissolved in concentrated hydro- 
chloric acid (3 C.C.), is heated to boiling for flve minuteB in a 
sulphuric acid bath and the hydrochloric acid distilled oif under 
diimiushed pressure. When the pale brown residue is dissolved in 
a small quantity of boiling water and stirred, crystallisation soon 
sets in, and the chloride separates in striated/ hexagonal plates. 

The ochreous mass is collected, dissolved in a little boiling water, 
and mixed with an equal volume of concentrated hydrochloric acid, 
when' the cHorido' separates in characteristic balls" of needles or 
plates, ' according to ' the ■ concentration.- The substance' contains 
water of * crystaliisation, which was not determined, and, after dry- 
ing:', at 70°, and then over' phosphoric .oxide in a' vacuum desiccator, 
the following analyses indicate that it still contains IHgO: 

0TI12 gave 0-2568 CO 2 and 0*0590 B/O. C=^63*0; H = 5-9. 

■/' „ 0-2562-'-C02 O-OSOT HgO. C=62-5/'H,= 5-9. 

C2iIl220'4HCl,H20,r-eqmres', C=62*'I; H— 5:9 per cent.' 

^-MMhylherbennium /,cM .softens" at / 80 — 82° ' -gradually ■ 
shrinks, and becomes a, syrup' below. .100°. It is-Toadily soluble.'i'n-' 
warm - water ' ' or ' -methyl - alcohol, . but insoluble , in- ' ether, and wheh -,.- 
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e>tlier is added to the solutioR' in methyl alcohol, a milky liquid 
results, from which tho' chloride, rapidly separates in highly charac- 
teristic stars of pale yellow needles. The solution of a trace of the 
chloride in a drop of acetic acid gives, on the addition of sulphuric 
acid, at first no coloration, but a salmon tint soon develops and 
rapidly changes to intense permanganate colour. A splinter of 
the chloride on a watch-glass, when moistened with concentrated 
nitric acid, dissolves to an intense crimson solution. The aqueous 
solution of the chloride is coloured yellow by aimnonia, but gives 
no precipitate, and it behaves in the same way with cold sodium 
liydroxide, but when placed in the steam-bath the yellow solution 
becomes orange, then brown, and a dirty green base separates. 
The addition of methyl-alcoholic potassium hydromde to the 
methyl-alcoholic solution of the chloride causes a separation of 
potassium chloride, but the yellowish-brown solution yields no pre- 
cipitate with water. If the solution in dilute^ methyl-alcoholic 
potassium hydroxide is heated in the steam-bath, the liquid on the 
side of the test-tube dries to a brilliant crimson ; after a time, this 
no longer occurs, and a black, amorphous precipitate separates 
which dissolves in hydrochloric acid to a brownish-pink solution. 
Even when mixed with powdered ice, the aqueous solution of the 
chloride instantly decolorises permanganate (984). 

The (C 2 iH 2204 N) 2 ptClg, is a pale salmon coloured 

precipitate, and it is curious that when it is filtered off, the mother 
liquor is deep pink, exactly as was observed in the case of the pre- 
paration of the platinichloride from cryptopine chloride (985). 
When heated in a capillary tube, it loses its salmon colour at 200^^ 
and becomes yellow, then gradually darkens, shrinks together fibove 
210®, and melts at about 243® with effervescence to a black tar: 

0*1216 gave 0*2026 CO^ and 0*0435 HgO. C=45'4; H = 4*0. 

0*2124 „ 0*0366 PV Pt=17*2. 

XC 2 iH 2204 N) 2 PtCl(j requires C=45*3;- H=4*0j Pt=17*6 'per cent. 

tp-Berb&inium. Iodide, ■' CAH 2204 Nt,-^The';:hpt dilute '.Bolution 
of the chloride gives, with potassium iodide, a clear solution which 
may not crystallise for days, but gradually deposits groups of almost 
' colourless'' warts:' ^ 

0*1072 gave 0*2068 CO^ and 0*0471 HgO. 0 = 52*6; H = 4*8. 

^2x] 0[^22^4NI requires 0 = 52*6; H=4*6 per cent. 

This iodide darkens at 160 — 165® and decomposes at 175 — ISO® 
."to^u ^;';brown:,:v.mass,^ ■ ; v'T#,:' ::'is; w^y^-spa^ ^ soluble'.' m wa:ter^:-',ni'c)re:' 
readily so in boiling alcohol, from which it separates in inicro- 

' :SCQ,piG \ groups' 'of 
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The H/]^droxyi%oanhydrodihydromethylherherines, (.4) and (B)> 


Tliese suljstaiices, which correspond with the liydroxyMoanhydro- 
dihydroeryptopiiies, (A.) and (i?), result from the action of 
dilute hydrochloric acid on anhydromethylberberine. Thei base 
(2 grains) is mixed with concentrated hydrochloric acid (2-5 c,c.) 
and water (8 c.c.) in a test-tube, when the crystals, although they 
appear to- change, do not dissolve, but pass rapidly into solution on^ 
warming with the formation of a yellow liquid. The test-tube is 
placed in boiling water, which causes the colour to deepen coi> 
isiderably, and after twenty minutes the tube is withdrawn, when, 
in a short time, the liquid clouds and a heavy syrup separates 
which, on keeping, becomes a hard button. 

The product may be worked up in two different ways. 

(i) The whole is dissolved in hot water, made strongly alkaline 
with ammonia, and the chalky precipitate immediately extracted 
with much ether, in which, in this condition, it is readily soluble^ 
The ethereal solution is washed, rapidly dried over anhydrous 
potassium carbonate, and concentrated, during which, and while 
the solution is still boiling, a crystalline crust of prisms begins to 
separate, and increases very much on keeping.* If the ethereal 
solution is not too concentrated, this substance, after collecting 
and washing with ether, may melt at once at 208— 210'^, and consist 
of almost pure hydroxy^soanhydrodihydromethylberberine (/I), 
If this is not the case, the substance is recrystallised from ether or 
from methyl alcohol. 

The modification (5) of tfie hydroxy-compound is contained in 

* In the description of bydroxy^soanhydrodihydrocryptopine {A) (996), 
it is stated that attempts to Obtain this base in, a' crystalline, condition were 
unsuccessful. This may, however, be accomplished by employing ether as the 
solvent. The hydrochloride (m. p, 227®) is dissolved in hot water, the 
solutioncooled,andcovered with much pure ether; on the addition of excess 
of ammonia and shaking, the base passes readily in|o solution. The ethereal 
solution is dried over potassium carbonate and concentrated, when, on re- 
maining in a closed flask for some months in the ice-chest, nodular masses 
separate which melt at 177-180®. ' ■(Found,:/C== 68*0 ;H= 6*3. ' CjeiHgaOsK' , 

requires C£5==68*3 ; H-t- 6'2 per cent.),'.. , ■ The nodules.dissolve ,readily in' boiling; ' 
methyl alcohol or acetone and separate^' on ;long^ keeping, ■ in ' microseopio;' 
■prisms."'. 
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the ethereal mother liquors, and is isolated in' the manner described 
below. 

(ii) A method ol separation which allows of the modification 
(/I) being' rapidly obtained in. a pur© condition depends on the 
fact that this modification is much less readily soluble in cold 
methyl alcohol than the modification {B), The chalky precipitate, 
obtained as Just described, is dried on porous porcelain, triturated 
with methyl alcohol, filtered,- and the residue washed with methyl 
alcohol two or three times. After drying, the almost' colourless 
mass melts ■ at about '195 — 197°, ' and . one recrystallisation from 
methyl alcohol is sufficient to raise the melting point to 210 — 212°, 
and the substance is then the pure modification (^). The methyl- 
alcoholic mother liquors are then mixed with water, the basei ex- 
tracted with ether, and the ethereal solution washed well, dried 
over potassium carbonate, and fractionally concentrated, when 
crops of crystals of varying composition are obtained, and these are 
comparatively easily separated into the pure modifications (A) and 
(5) by recrystallisation from methyl alcohol or ether. 

EydrQxyhoanhydrodihydromethyVberherine (il) is very sparingly 
soluble . even in boiling methyl alcohol, separates in rather in- 
definite crusts, and melts at 210—212°. It is also sparingly soluble 
in boiling benaiene, acetone, light petroleum, or ether, but dissolves 
somewhat in boiling methylal, and separates, on cooling, in warty 
g'roups: 

0-1021 gave 0'2546 COg and 0‘0566 HgO. C= 68-0 | H = 6-2. 

0-1135 „ 3*8 C.C. Ng at 16° and 755 mm. N=3‘8. 

021^^23^5^ requires C=68'3 ; H='6-2 ^ N = 3*8 per cent. 

The base dissolves readily in dilute mineral acids, and as the 
solutions remain without crystallising* often for days, it was at 
first thought that the salts were very readily soluble. This is, 
however, not so, because in the case of the' hydrochloride, for ex- 
ample, if a crystal of , the hydrochloride (see below) is 'introduced 
into 'the warm, clear solution, of -.the salt, a very sparingly soluble 
salt separates as a' sandy, rather indefinitely crystalline powder. 
The characteristic behaviour of this base towards acids is well 
shown 'by , rubbing' a few. crystals with dilute hydrochloric'' acid in' 
.'a test-tube, when most dissolves, but'- some ' adheres "to the -sides as 
a' gum. :If the test-tube: is .placed^ in-/ hot water,, the gum immedi- 
'.ately, .begins, to, ' crystallise,' and,.. -on.etirring, the' solution, becomes' 
filled- '.'With the hydrochloride, which -Is:' now remarkably, sparingly 
soluble / 'in boiling dilute hydrochloric acid. ■ The base is readily' 

' .soluble '"'in.' acetic': 'acad,' a'nd-'-.the -'addition, of - sulphuric acid prod'u'ces' 
a deep' orange coloration,, 

YOL. OXIII, 
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IIl/droxyhoa?A^^^ erherine (B) separates from 

ethereal solutioiij on spontaneous concentration, in singlcj glisten- 
ing prismsj very different in appearance • from the hard crusts of 
the modification (4). It melts at 168 — 170^, and is generally more 
readily soluble than the modification (/I). It is rather sparingly 
soluble in cold methyl alcohol, but readily so on warming, and 
separates on slow cooling in glistening prisms : 

0*1032 gave 0*2589 COg and 0*0580 HgO. C = 68*4; H = 6-2, 
C21H23O5N" requires C — 68*3; H = 6*2 per cent. 

This base does not show the behaviour with hydrochloric acid so 
characteristic of the modification (JL). It is readily soluble in 
warm dilute hydrochloric acid, and, on cooling, the solution clouds 
and deposits a yellow syrup which gradually hardens, but shows 
little tendency to crystallise. 

Aetimh^of Acetfl Chloride the Mydroxyizmnhydfodihydro- 
'mefhylherherines, (A) and (B): 

The modifications (x4) and (B) of this hydroxy- derivative both 
yield the same products when they are subjected to the action of 
acetyl chloride at 100°. In each case, the base (I gram) was 
sealed up with freshly distilled acetyl chloride (2 c.c.), when action 
took place at once with some evolution of heat, and a lemon-yellow, 
sandy precipitate separated. After the tube had been heated in 
boiling water for fifteen minutes, the excess of acetyl chloride was 
evaporated and the residue mixed with much cold water, which 
caused it tO' become .pale green. On heating to boiling, the, green 
colour disappeared, and a viscid precipitate (0) separated, which 
was collected and washed with warm water. This hydrochloride 
dissolves in boiling methyl alcohol, and, on cooling, rhombic plates 
gi^adiially separate of angle 78° which are strongly doubly refract- 
ing and' show, .straight ..extinctm^ 

0*1073 ()'2415 C02 and 0-0562 HgO; C = 61*4 • H = 5-8, 

3 11^1 requires C — 61*6; H=5'8 per cent. 

This hydrochloride melts at about 253° with vigorous deconiposi- 
tion to a reddish-brown froth. It dissolves in much boiling water, 
but is remarkably sparingly soluble in boiling dilute hydrochloric 
acid, and separates in groups of thin laminge with arrow-shaped 
ends. The hot aqueous solution yields, on the addition o! 
ammonia, a milky liquid which soon begins to deposit colourless, 
ciystalline flakes, and after these had been collected and washed 
and left to dry on porous porcelain, they were found to melt in 
the steam-oven and to solidify, on cooling, to a colourless resin. 
In contact with methyl alcohol, this nesin: at' ;6nce'''beca',me' cry stab 
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line, dissolved on boiling, and well-developed, flat prisms separated, 
oil keeping, which melted sharply at 166 — 167°: 

0'105.9 gave 0*2611' CO^, and 0*0595 H.2O. C = 67*l; H = 6 2. 

C23H25O6N requires C = 67*2; H = 6*l percent. 

The methyl-alcoholic mother liquors, when left exposed to the 
air, deposited warty masses which melted at 208 — 210°, and con- 
sisted of hydroxyikoanhydrodihydromethylberberine (d), and it 
would therefore seem that the substance melting at 165 — 167° is 
the acetyl derivative of this modification (d). This is confirmed 
by the fact that this acetyl base yields, on treatment with hydro- 
chloric acid, a very sparingly soluble h^xlrochloride which separates 
from methyl alcohol in rhombs with the angle 78°, and melts and 
decomposes at 253°. 

The mother liquors and washings of the hydrochloride (C, 
see above) gave with ammonia a chalky precipitate, which was 
collected and ciystallised from methyl alcohol, in which it was 
sparingly soluble, and from which it separated in crusts of nodules 
melting at 213 — 215° (.Z>) : 

0*1061 gave 0*2638 COo and 0*0593 HoO. C=:67*8pH = 6*2. 

C2gH2506N requires C = 67*2 ; H = 6*1 per cent. 

This substance is presumably the acetyl derivative of hydroxy- 
woanhydrodihydromethylberberine (B). When it was mixed with 
warm dilute hydrochloric acid, it was converted into the hydro- 
chloride, which separated from methyl alcohol in oblique, rhombic 
plates with an angle of 70°, After drying in the steam-oven until 
constant in weight, this salt yielded the following analysis : 

0*1189 gave 0*2716 GO^ and 0*0650 H^O. 0 = 62*3; H = 6*0. 

^2»H250(.N,HC1 requires C = 6T6; H = 5^8 per cent. 

This hydrochloride darkens above 220° and decomposes at 230° 
with vigorous efervescence to an orange syrup. It dissolves 
■ readily in^ hot water and' separates. ■in- a, very ■characteristic manner, 
namely, in very thin, perfectly formed, nearly square plates with 
bevelled 'edges'.' ■ ■ 

The mother liquors from this hydrochloride dep (Bit, on concen- 
tration, rhombic prisms of angle 78°, which melt at 253 — 255° with 
■, V jgorous^'. eierveseence,, ■and ey idently ' ' ■ consist of the hydrochloride 
(G), partial molecular change having taken place during the cson- 
version of the acetyl base (JD) into the hydrochloride. That intra- 
molecular changes of this nature -take vp'lace-rea'dily under a . variety, 
of conditions is evidenced by the ...two 'following experiments, which 
.. were made with the obj'Oct of deteoaining, whether it was possible 
.■:' to; , ...obtain base (B) from the acetyl derivative (Di) by hydrolysis, 
:',an(i thus to confirm the relationship of these substances. 

, 2 " 
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(i) The acetyl derivative (JJ) was boiled with dilute salpliuric 
acid (20 per cent.) for ten minutes, ammonia was then added, and 
the base crystallised from methyl' alcohol, from which it separated 
as a rather indefinite,' ciystalline crust melting at 209—211°, and 
consisting of hydroxy'isoanhydrodihydroherherine (x4). The methyl- 
alcoholic mother liquors deposited, on slow evaporation in the ice- 
chest, groups of needles which melted at 165 — 168°, and proved 
to be the modification (B) of the same hydroxy-base 

(ii) The acetyl derivative (D) was boiled with 10 per cent, 
methyl-alcoholic potassium hydroxide niitil it had dissolved and 
the solution concentrated, when, on keeping in the ice-chest, a 
crystalline substance separated which melted at 208- — 210°, and 
consisted of modification (A) of the hydroxy-derivative. 
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The hydrochloride of this base may be obtained from either of 
the hydroxy isoaBhydrodihydramethylberberines, (x4) or (i5), by 
boiling with concentrated hydrochloric acid or, better, by digest- 
ing with phosphoryi chloride. The following two experiments will 
illustrate this conversion. 

(i) Hydroxy/soanhydrodihydromethylberberine {Bj 2 grams) 
was boiled with concentrated hydrochloric acid (20 e.e.) for half 
aii hour by means of a sulphuric acid Bath, during which a 
sparingly soluble 'hydrochloride- separated, as a crust on -the sides 
of the test-tube. The hydrochloric acid was distilled of under 
diminished pressure, the pale ochreous residue dissolved in much 
boiling water, the solution concentrated, and left in the ice-chest, 
when a considerable crop of the hydrochloride of i<?oanhydromethyl- 
berberine gradually separated. 

(ii) Hydroxy wanhydrodihydromethylberberine (d, 2 grams) 
was mixed with freshly distilled phosphoi 7 l chloride (6 c.c.), in 
which it did not dissolve in the cold, but, on warming, solution 
took place readily with the evolution of sufficient heat to raise the 
temperature from 60° to the boiling point. After boiling for ten 
minutes, the excess of oxychloride was distilled off under 15 mm. 
pressure, and the deep yellow gum dissolved in much boiling water, 

;:;'W-hen,,;on-'..,cGmc«|ra:|iph;;iWd:^:i^^ 

:'spar|ngly -' 
separated;:,--, 
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The hydrochloride from either (i) or (ii) was recrystallised from 
much hot water, dissolved in boiling water, and mixed with 
ammonia, when a milky liquid resulted which soon crystalliseri, and 
the. base was' further purified by crystallisation from methyl 
alcohol : 

0*1011 gave 0-2655 CO^ and 0*0545 H^O. C = 71*6; II- 0-0. 

requires C — 71*8; H — 6*0 per cent. 

imAnhydromethylherheHne melts at 123 — 124° and is readily 
soluble in methyl alcohol, separating in glistening prisms, which, 
however, were not suitable for measurement and comparison with 
the crystals of xsoanhydrocryptopine (1003). It is very readily 
soluble in benzene, but rather sparingly so in light petroleum ; it 
may, however, be crystallised from light petroleum (b. p. 80 — 90°), 
from which it separates in groups of needles like fern fronds. It 
is very readily soluble in ether, and crystallises well from this 
solvent. It dissolves readily in acetic acid, and the addition of 
sulphuric acid produces a deep orange colour, which becomes brown 
on adding a drop of dilute nitric acid. When the base is heated 
in a test-tube', there is much charring and the development of a 
strong odour of dimethylamine. 

The Hydrochloride^ C 2 iH 2 i 04 N,HCL^ — This salt is sparingly 
soluble in water, and particularly so in dilute hydrochloric acid, 
and sepai*ates in brilliant, elongated prisms which are somewhat 
curved. It crystallises from methyl alcohol in brilliant, prismatic 
tablets with many facets, and melts at about 205—210° with 
previous softening.. 

The air-dried salt lost 3*7 per cent, at 100°, axid ga-ve the follow- 
ing results. : ■ 

0*1066 gave 0*2538 OO 2 and 0*0556 ap. €=64*9 ; 11 = 5*8. 

<^ 2 iH: 2 i 04 N,HCi requires C = 64*9 J H = 5*7 per cent. 

/'""■ The A ■ boiling ■' 'dilute aqueous' solution of the 

hydrochloride gives no precipitate on adding boiling dilute 
potassium iodide, but, on keeping, the iodide soon commences to 
separate in indefinite, nodular groups: 

: ,\0*1092 'gave' 0*2113; COg'^nd .0;0455.' ', C = 52*7 ; .H ,= 4*6'.: : "■ 

H.= 4*6 per cent. 

: When'' '''q , heatsd',,;.'this' hydriodide does" not discolour until 

about',, 215°, and decomposes at- about 247° to,' a nearly,' black' froth'. 
It;, is 'almost msoIuble;,'In,’ .cold: "water and ' sparingly, so* in cold 
'alcohol,' :: but it dissolves'vCoihp'aratively' readily in boiling alcohol 
and" separates in two.. d'istinct-'^ 'fotms,,-'' ■■namely, -'in stars or groups of 
':n,eed.les "or in short, brilliant'prisihsd".. When the, solution is warmed, 
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tlie needles dissolve and leave the prisms, and it is evident, there- 
fore, that this salt is dimorphic. ' / 


Acfyion of Dilute Sulphuric Acid on isoAnhfdrometki/lberherme, 

The sulphate of ««oanhydromethylberberine is readily soluble, 
and if the solution in, a large excess of dilute sulphuric acid is 
boiled for half an hour and then made alkaline with ammonia, an 
amorphous base separates, which may be extracted with ether. 
The ethereal solution v/as thoroughly washed, dried over potassium 
carbonate, and concentrated, when, on remaining in the ice-chest 
for several days, a crust of needles formed, but in comparatively 
small amount. The substance was collected, washed with ether, in 
which it was sparingly soluble, and crystallised from methyl alcohol, 
ill which the base is remarkably sparingly soluble, and from which 
it separated as a crystalline crust. 

It melted at 212—215°, and consisted of hydroxyLs'oanhydro- 
dihydrometliylberberine (d). (Found: C = 68*4; H = 6*1. 

requires C = 68*3; H = 6*2 per cent.) The ethereal 
mother liquor from the crystallisation of this modilication yielded, 
on concentration, a small quantity of the niodiiicaiion (i?) melting 
at 165— 167° (compare p. 732). 

E eduction of DihydroaJihydf MethocMorkle, 

In studying this reduction, the methochloride (30 grams), dis- 
solved in hot water (1 litre), was mixed with concentrated hydro- 
chloric acid (50 c.c.) and heated to boiling in an enamelled basin. 
Sodium amalgam (1500 grains of 3 per cent.) was then added, in 
three portions, together with sufficient hydrochloric acid to keep 
the liquid strongly acid. The product, separated from the 
mercury, clouded on cooling, and when mixed with excess of 
ammonia deposited a viscid, pale brown precipitate^ which, on 
keeping, soon hardened. This was collected, washed with a little 
warm water, dried on porous porcelain, and extocted with ether 
(X), which left a nearly colourless mass undissolved. 

The latter was found to consist of a quaternary chloride, and a 
■ further/ considerable^quantity- of- The same- substance was' obtained 
. from :: the-' -washings ' of "the- precipitate' which had separated on the 
addition of ammonia. The whole was repeatedly crystallised from 
hot dilute hydrochloric acid, and thus separated into two quaternary 
chlorides, (a) and (0), melting approximately at 245 — 250° and 
280—285° respectively. The chloride (a) is, after drying at 100°-,; 
anhydrous, and has the formula Cgi-HaAN'Cl. "(Found : 0 = 64*5; 
H = 6’3. Calc.: 0 = 64*7 = per cent.) The chloride (^), 
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melting at 280 — 285°, retains IH 2 O after drying at 100°. (Found : 
0 = 61-7; H = 6-3. C 2 iH.>ANCi”H 20 requires 0 = 61-8; H = 6-4 
per cent.) There can be no doubt that these substances are the 
a- and jS-methochlorides of tetrahydroanhydroberberiue (compare 
p. 733), 


/\/ 

(JHj 

OH-NMeCl 
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1 OH 

/'^ch/ 
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first described by Pyman (T., 1913, 103, 825, 826), and this was 
confirmed by the fact that the jS-chloride, on digesting with methyl - 
alcoholic potassium hydroxide, yielded a base which separated from 
methyl alcohol in colourless nodules, melted at 108 — 110®, and 
consisted of methyl/‘.s‘otetrahydroanhydroherberine (base B)^ which 
Pyman obtained by the dehydration of tetrahydroanhydroberberine 
methohydroxide (/oe. dt., p. 827). The identity was confirmed by 
analysis. (Pound: C = 71*2; H = 6'6. Go^H2304N requires 

0 = 71*4; H = 6*5 per cent.) 


The ethereal extract (X) from the crude quaternary chlorides 
(see above) was thoroughly washed with water, dried over potassium 
carbonate, and evaporated, when a syrup was obtained which, even 
on long keeping in the ice-chest and frequent stirring, showed no 
signs of crystallising. That this substance is 
tefral^idrocmhydm 733), 


CE, 


OH-NMe 


Y 

^ -OH, 


OHj 



is indicated by its properties, and an analysis supported this view 
and suggested tbat the base was nearly pure : 

0-1046 gave 0-2730 COg and 0-0672 H 2 O. 0 = 71-3; H = 7-l. 

C 21 H 25 O 4 N requires G—:71-p;; H = 7-0 per: cent. . 

The salts are readily soluble and exhibit little tendency to 
crystallise. The fdatinichlmde was prepared by adding platinic 
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clilorid© to a dilute solution of tlie liydroclilorid©j and is a chalky, 
salmon coloured precipitate: 

0“102I gave 0-1703 COg and 0'-0437 H^O. C=45*5; H = 4*7. 

0-4764 ■ ,, 0-0802 Ptr .Pt= 16-9. 

(G\H2504N)2H2PtCl6 requires C-45-0 ; H = 4-7; Pt= 17*4 per cent. 

The Methomlphate . — This derivative was prepared by adding 
iiiethyl sulphate (3 c.c.) to the solution of the base (3 grams) in 
warm benzene (15 c.c.), when a rise of temperature was observed, 
but there was no separation even after keeping for three days' in 
the ice-chest. 

On the addition of dry ether, the methosulphate was precipitated 
as a syrup, and was washed with ether, dissolved in a little methyl 
alcohol, and boiled with a considerable excess of methyl-alcoholic 
potassium hydroxide for fifteen minutes under such conditions that 
most of the methyl alcohol distilled away. Water was added, the 
caseous precipitate extracted with much ether, the ethereal , solu- 
tion thoroughly washed, dried over potassium carbonate, and 
evaporated, when a syrup remained which, on keeping, gradually 
crystallised to a striated mass of needles. 

This was dissolved in dilute hydrochloric acid, the solution 
filtered, made alkaline with ammonia, and again extracted with 
ether, the ethereal solution being dried over potassium carbonate 
and evaporated, when the syrup again crystallised. After remain- 
ing in contact with porous porcelain over phosphoric oxide for 
several days, the following results were obtained on analysis : 

0-1112 gave 0-2894 COg and 0-0735 H^O. 0=71-0; H = 7-3. 

0'22H2704N requires C='71*5j H = 7*3 per cent. 

This base is very readily soluble in the usual solvents, and all 
attempts to recrystallis© it were unsuccessful. The platinichloride^ 
prepared in the usual manner, is a pale ochreous precipitate : 

0-1017 gave 0'1731 CG^ and 0-0449 0=46*4; H = 4-9. 

0-4759 „ 0-0798 Pt. Ft=17-0, 

(C23H2704N)2H2Pt0l6 requires 0=46*0; H = 4-9; Pt=16*9 per cent.^ 

The analytical results and the properties' of this base' leave little 
doubt that it is dihydrodmiethylimtetrahydroanhydkoherherme 
(950), and contains the grouping (p. 734) 
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Tlie methosulphate was prepared by dissolving tb© base (5 grams) 
in benzene and adding methyl sulphate (5 c.c.), when there was 
a considerable rise of temperature, and a syrup separated which 
soon commenced tO' crystallise and, on remaining in the ice-chest, 
became a soft mass of glistening needles. The crystals were 
collected, washed with benzene, transferred to porous' porcelain, 
dried, and' analysed : 

0-1182 gave 0*2506 CO^ and 0*0701 C = 57*8; H = 6*6. 

G22H2704]Sr,Me^a®04 requires C = 58*2; H = 6*6 per cent. 

This methosulphate is readily soluble in water or methyl alcohol 
and difficult to recrystallise, but it separates, when its solution in 
water is allowed to concentrate over sulphuric acid, as a soft mass 
of needles. 


Berberidene, 



/\ch:ch2 

In preparing tiiis interesting substance, the methosulphate of 
dihydrodimethyKsotetrahydroanhydroberberine was digested on 
the steam-bath with a large excess of methyl-alcoholic potassium 
hydroxide (20 per cent.), when decomposition readily set in with 
the elimination of trimethylamine. After twenty minutes, most 
of the methyl alcohol was distilled off, water was added, and the 
caseous precipitate extracted with much ether, in which in this 
condition it is moderately readily soluble. The ethereal solution 
was very thoroughly washed, dried over potassium carbonate, and 
concentrated, when, on keeping, ..the new substance separated' as, a 
crust of brilliant prisms': ' 

0-1116 gave 0*3029 CO^ and 0*0626 0=74*1; H = 6*2. 

■;:0-1062 „ '■0-2877 C'Og: „ ■ 0*0592 H20., C.==7a*'9;^ 

' C20H20O4 requires 0=74*1; H == 6*2 per cent. ■ ' 

" ,: Berb©ride«ne melts' at 113— 114^,. ' and;, is characterised by the 
facility with .which it. crystallises^ It' is very sparingly /soluble, 
even in boiling methyl alcohol, and separates as a voluminous, 
.glistening mass : of irregular ■■' laminae winch, ' when free. from'., any 
yellow " mother liquor,;. have a most-, striking' lilac .fluorescence. /"' It 
'is readily.' soluble ' in^ benzene;' hut' .sparingly , so' in ' light. ' petroleum, 
from ' 'Which ' it ..'separates" 'in,.'''groTips, of -"needles. ' It..' . is- "sparingly, 

.soluble' ,in:"",a''C'etic'", a'cid,' in)"the'.::.cold,' /but '■ dissolves' -readily on boiling, 

'' /' .. . a*'" 
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and se-parates in rhombs or in brilliant,, stont prisms with an oblique 
teriidiiation ; ii', however, th,e> sepai*ation takes place rapidly,, tile 
crystallisation may be iiuie-fuiite. Berberidene exhibits a very 
striking differenoe in its behavionr with methyl and ethyl alcohols. 
Whilst it is very sparingly soluble in methyl alcohol and crystal- 
lises well from this solvent, it dissolves quite readily in ethyl alcohol 
and separates only from quit© concentrated solutions, and then as 
an indefinite crust composed of warts. 

Oxidation of Berberidene. 

In studying this oxidation (p. 735), finely sieved permanganate 
(4 grams) was gradually added, at the ordinaiy temperature, to 
the pure substance (2*3 grams) dissolved in acetone (6G c.c.), when 
oxidation took place readily with distinct rise of temperature, but 
care was taken that this did not exceed 18®. The product was 
filtered, the manganese precipitate thoroughly washed with acetone 
(d), and repeatedly extracted with small quantities of boiling water. 
The brown, aqueous extract was considerably concentrated and 
acidified with hydrocliloric acid, when a viscid, brown acid 
separated which proved difficult to purify, but ultimately the 
following process was successful : The brown mass (about 1 gram) 
was boiled with water (200 c.c.) and filtered from the dark brown 
tar ; the latter was warmed with dilute ammonia, when nearly all 
dissolved, and, after boiling with animal charcoal and filtering, the 
acid was again precipitated and boiled with water (100 c.c.). The 
combined aqueous extracts were neutralised with sodium carbonate, 
mixed with a little animal charcoal, evaporated to about 20 c.c,, 
'■•and filtered.., 

The nearly colourless filtrate gave, on acidifying, a chalky pre- 
cipitate which melted at about 174®, and separated i:rom glacial 
acetic acid as a satiny mass of plates. (Found : C = 61*0 ; H == 6*1 . 

: requires C=='6I' 2 ;. H’== 6' 1 per cent.) ■ 

The pure acid melted at 183— 184®, and was found by direct 
.'.'comparison to be, identical ■■ 'with ■' 5':. 6-r/imeif/^o<r?/-.o4oZwc' aeid^ 
,.G,( 5 HoM[e'(C)Me) 2 *CO'£H,- which had .been, previously obtained" (921)' 
by 'the 'methylation of '5 : 6-dihydroxy-o-toluic "acid. . ' The melting 
'point,''' is ; there;' 'given as 177^, 'but . repeated recrystallisatioii from 
glacial' 'acetic, acid raiseS' this '.to, ,1,84®. ■ ,' 

The mother liquors from the purification of the 5 : S-dimethoxy™ 
';'o-‘toliii€" acid were coneentrated under '■ diminished pressure until 
"nearly , ."dry, mixed with'saiid',,'.and,"extracted' 'with 'ether 'in. a.'So-xhlet 
apparatus. The ethereal solution yielded, on evaporation, a small, 
ctystalline residue which was separated by crystallisation from 
hydrochloric acid into 5 : 6-dimethoxy-o-toluic acid, and a more 
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readily soluble acid wliicb separated from a little water in six- 
sided plates iiieltiiig at about 171 — 174^^, and, on li-eating, yielded 
an anhydride melting at about 170 — 173°. Since this acid gave a 
negative result for metiioxy-groiips in the Zeisel apparatus, there 
can be little doubt that it was hydrastic acid, CH2^05 >’.CqII 2(C02H ^ 
but the quantity was insufficient for analysis. The acetone extract 
(d.) of the manganese precipitate yielded, on evaporation, a syrup 
(1*2 grams) which gradually crystallised in nodular masses. When 
this was submitted to distillation in a current of steam, a cloudy 
distillate was obtained in which oily drops were visible. The whole 
was extracted with pure ether, the ethereal solution washed, dried 
over potassium carbonate, and evaporated, when a colourless oil 
remained which rapidly crystallised in long needles. The crystals 
were left in contact with porous porcelain until quite dry, melted, 
and, after again crystallising, transferred once more to porous 
porcelain. Finally, the substance was dried over phosphoric oxide 
in a vacuum desiccator and analysed- (Found: C=66-5; H = 6*8. 
requires C = 66*7; H = 6*7 per cent.) 

This substance was 5 : B-dimethoxy-o-tolualdehyde, 

C6H2Me(OMe)2-CHO, 

since it melted at 52 — 53°, and, when mixed with a specimen of 
this aldehyde which had previously been obtained by the methyl- 
ation of 5 -methoxy-o-tolu aldehyde (915), there was no alteration 
in melting point. 

The residue in the steam distillation dask contained a viscid 
oil, which was extracted with ether, the ethereal solution w;ashed 
well, dried over potassium carbonate, and evaporated, when a pale 
yellow syrup remained, which soon began to crystallise in nodules 
and ultimately became solid. The mass was triturated with methyl 
alcohol, which removed oily impurity, transferred to porous porce- 
lain, and recrystallised from glacial acetic acid: 

0*1266 gave 0*3285 CO2 and 0*0679 mO. C==70 8; H = 6‘l. 
C20H20O5 requires C = 70*6; 5*9 per cent. 

. 'Sine© this substance; yields a semicarbazone .(see below), there 
can be little doubt that it is and contains 

the, grouping: 


/\/ 




f dF, 


' . or; 

GHg. 

Y 


\;/ : 

YgH'CHj 




O G* 2 
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It is ratlier sparingly soluble in cold glacial acetic acid, iiiiicb 
more readily sO' on boiling, and separates well in very pal© yellow 
stars .triad© up o^l■ elongated, rliombic plates. It melts at 118 
and is remarkably sparingly soluble even in boiling methyl alcohol, 
from wliicli it crystallises as a pale lemomyellow powder consisting 
oi small, glistening prisms. The crystals are coloured crimson by 
concentrated nitric acid, partly dissolve, and the addition of water 
gives an ochreons precipitate. When sulphuric acid is added to 
the solution of a trace' of the substance in glacial acetic acid, a 
brown coloration is obtained, which is intensified by the addition 
of a drop of dilute nitric acid. 

The se?mcarhazon^ej C 21 H 23 O 5 N 3 , was prepared by boiling the 
substance with much alcohol and excess of semicarh azide hydro- 
chloride and sodium acetate, when solution took place- readily, and, 
on evaporation to dryness, a crystalline mass remained. This was 
triturated with water, collected, washed well, and crystallised from 
methyl alcohol: ' 

0*1027 gave 0*2376 GOg. and 0*0570 C==63‘i ; H = 6 *^ 

0-1239 „ 9*7 c.c. N 2 at 17^ and 752 mm. N=:10*6. 

requires C = 63*5; H^5*8) 10*6 per ^ 

This semicarh azane melts and effervesces at about 218—220® and 
is sparingly soluble in boiling methyl alcohol, from which it 
separates in nodular masses. 


■Reduction::af Oxyherlerine to Tetrahydroanhydroh erh 



V 1 

1 CH 


2 


Y in 



The main difficulty^ ^^i carrying out this reduction is the sparing 
solubility of oxyberberine in dilute acids or in organic solvents, 
but ultimately the following conditions were found to give the 
desired' result.* ' Oxyberherine ( 10 ' grams), suspended in alcohol 
(260 c.c. of 97 per cent.), is gradually mixed with sulphuric acid 
(130 c.c. of 97 per cent.), when the heat generated brings about 
complete sol ution' -■ and . there is. ■ no separation of oxyberberine - on 
keeping. , :;',The electrolytic cell consisted of ;a glass'' jar' ■ 20 ,'O'm,',,hig]i 


'♦"'I. am 'indebted .to. Mr.; G. ' 3 R.''.:,C‘l 6 mo for .assistance '/in carrying.' but ;tMa 
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and of 1 litre capacity; the cathode was a sheet of lead which Just 
fitted round the inside of the glass jar, and, previous to the experi- 
ment, had been coated with a layer of electrolytic lead. The anode 
was a strip of lead, and this was placed in a porous cell, 5 cm. in 
diameter, containing dilute sulphuric acid (20 per cent.) , which 
was replenished from time to time during the experiment. In 
carrying out the reduction, the solution, prepared as described 
above, was placed in the cathodic compartment and a cuiTent of 
about 6 amperes passed for forty-eight hours. The pale yellow 
product was mixed with ice and water (about 500 grams), allowed 
to remain for twenty-four hours, and then filtered. The rather 
considerable grey precipitate (5*3 grams) is largely soluble in hot 
glacial acetic acid, and, after filtering, the solution deposits oxy- 
berberine acetate (T5 grams). The portion insoluble in acetic 
acid (0‘8 gram) melts above 300°, and was not further examined. 
The filtrate from the grey precipitate gives with excess of ammonia 
a dark-coloured precipitate (4*6 grams), which is collected, dried, 
and digested with a little methyl alcohol, when much of the dark 
impurity dissolves and a much cleaner product is left. This is dis- 
solved in boiling, . very dilute hydrochloric acid with the addition of 
animal charcoal and concentrated, when, on keeping, a deep 
ochreous, crystalline precipitate separates in quantity. The hydro- 
chloride is collected, recrystallised from boiling glacial acetic acid, 
and the colourless salt decomposed by ammonia. Finally, the base 
is twice crystallised from acetone, from which it separates in colour- 
less, glistening leaflets. (Found: 0 = 70*6; H = 6*2. C^o HaAN 
requires 0=70*8; H = 6‘2 per cent.) 

This substance' melted at 170 — 171°, and a careful examination 
both of the base and of its salts clearly established the identity 
with tetrahydroanhydroberberme (m. p. 170—171°). Moreover, a 
mixture of the substance with '■tetrahydroanhydroberberine ' melted 

at 170— 171°. 

The author is much indebted to Mr. Fred Hall for cari’ying out 
the analyses given in' this paper. ' ' 

, The Uhxvebsity Chemical Lab oratobies, - 

Oxford.' . [Beceiued, August 
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LX V L — Morindone . 

By John Lionel Simonsen. 

During tlie past- few years, owing to the shortage of syiitlietic dyes, 
the use of natural colouring matters has, to some extent, been 
revived, and it appeared, thereforey to be a matter, of some interest, 
to attempt to elucidate the constitution of the main constituent 
of Moi'inda citrifoJ/ia and M. mnhellata^ morindone, since the root 
bark of this tree at one time found considerable application in 
India for the dyeing of cloth. 

Morindone occurs in the root bark mainly in the form of the 
glucoside, inorindin, although a small quantity of the free colour- 
ing matter is present in the bark. Morindin appears to have been 
hrst isolated from J/. eiirifolia hy And^ 71, 

216). He ascribed to it the formula CogHgoGig, and by sublima- 
tion obtained a substance resembling alizarin in its properties, to 
which he gave the name morindone. Subsequent investigators 
appear to have regarded morindin as identical with ruberythric 
acid and morindone as identical with alizarin. Thorpe 
and Greenall (T., 1887, 51, 52), and later Thorpe and Smith 
(T,, ISSSj BSy 171), ii&ing M. citrifolm the source of their 
material, proved conclusively, however, that morindone possessed 
the formula C15H3QO5, and were of the opinion that morindin was 
more correctly represented by the formula Cg^HogO^^ than by the 
formula suggested by Anderson, They further considered 
molindone to be a trihydroxymethylanthraqiiinone. 

.Tho'.: presence' of morindin and 'morindone in M. umhellata was 
first proved by Perkin and Hummel (T., 1894, 65, 851) in their 
investigation of the cGnstituents of the root bark of this tree. 
..They , confirmed the, formula GgdTggOjy ' (with eight, hydroxy-groups) 
for morindin, and they further showed that in all probability 
morindone was a trihydroxymethylanthraquinone derived from 
, S'-methylanthraqiiinone, since, .. when, ■ distilled, .with : zinc dust,, 
2-iiaethylaiithracene was ''obtained,. 

. '.:'Subs.equen%, Oesterle - and -Tisza Fharm., ' WOl, '246, 
534) investigated once more the constituents of M. dtrifolia. 
They drew the conclusion that morindin from that source had the 
formula Cg^HgoOjg and contained nine hydroxy-groups. They 
based this conclusion on an analysis of morindin, its acetyl and 
benzoyl derivatives, u and'' on a quantitative ■.determinatio.n the' 
products of hydrolysis. The properties of the morindin obtained 
.-and.,-'aIsO''>:tbose,'nf':.its'\der.iv are at distinct 
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variance with those described by Perkin and Hummel {loc, cit.). 
Perkiii^ (P.j 1908, 24, 150) directed attention to these discrepancies 
and published further analyses in support of his formula for 
morindiii from 31. uinhellata, and suggested that the iiioriiidin 
derived from il/. mnhellata and If. citrifolia might he different. 

With regard to the constitution of moriiidone, beyond the fact 
that it possesses the formula contains three hydroxy- 

groups, and yields 2-methylanthracene on distillation with siiiic 
dust, little is known. Perkin (Thorpe’s “ Dictionaiy of Applied 
Chemistry,” III, 547) has suggested either that inorinclone might 
be a methylantliragallol or that it might contain a *GTIo*OH 
group, the presence of such a group having been suggested by 
Robinson and Simonseii (T., 1909, 95, 1088) to explain the 
relationship between aloe-emodiii and rhein, since, as he pointed 
out, the colour reactions of morindone are somewhat remarkable. 

For the preparation of the iiiorindin and morindone required for 
the experiments described in this paper, the author has used the 
root bark of if. citrifolia, ’which was obtained for him by Dr. 
J. R. Henderson, of the Madras Museum, and Mr. Y. Narasihman, 
lecturer in chemistry, Maharaja’s College, Vizianagrani, 'and a 
considerable quantity of the hark was very kindly extracted for 
him by Brs. Fowler and Watson at the Indian Institute of Science, 
Bangalore. The author wishes to take this opportunity of 
expressing his thanks to these gentlemen. 

The morindin was extracted and purified essentially by the 
methods used by Perkin and Hummel, and it is not necessary to 
describe them in detail. In view of the discrepancies between the 
work of Perkin and Hummel and that of Oesterle and Tisza men- 
tioned above, a specimen of morindin was very carefully purified 
by x-epeated crystallisation from 75 per cent, alcohol, when it was 
obtained in voluminous, yellow needles which, when rapidly heated, 
■melted at'250— 25'P ; when slowly heated, it sintered at 2,35*^" and 
melted at 245*^. (Oesterle and' Tisza atate , that ;it commenced to 
sublime , at 235^ ''and melted at .245*^., . .'Perkin and Hummel do not 
give a melting point.) The analytical data agreed well with the 
.'formula 02(jH280i4 suggested by. Perkin:. 'The .acetyl' derivative, was' 
also, .'prepared', and' was. .found- 'to- m-elt ..at ' 239 — 240'^. - ; '-'.(Oesterle 
a'lxd - Tisza give 236*^, Perkin 246"— ■248*^.)-".' As stated' by Perkin, it' 
is very sparingly soluble in cold alcohol, somewhat more readily 
.so, "in the,'.; hot ''solvent, .and '/.contains';, eight "a.cetyl, groups. TherC' 
would thqiref ore appear to he no difference between the morindin 
derived- from M ^ citrifoUa &nd M .and the discrepancies 

■between ■ the'- 'results : of Perki.n.- 'an'd'' ■Hum.mel, ..and those of Oesterle 
and Tisza must be ascribed to some other cause. The author had 
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hoped to make a direct comparison of the morinxliiis' obtained from 
these two' sources, but up to the present he has not succeeded in 
obtaining a specimen of the root bark of M. unibeUata. 

Attempts to isolate in a pure state the sugar formed by the 
hydrolysis of morindiii were unsuccessfuL The phenyloBazoiiC' was 
prepared, but was found to be a mixture. 


The Gonstitutiori of Morindone. 


From a consideration of the experiments described in this paper 
and from the results obtained by previous investigators, the author 
would suggest that morindone is best represented either as a 
hydroxymethylanthrarufin (I) or as a hydroxymethylchrysazin 

(II). 


OH CO 
Me/\/ 


u 


\/\/ 

CO OH 

(I.) 


OH 


OH CO OH 

\/\A/ 

CO 
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OH CO 

/W\Me 
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CO OH 
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OH CO OH 



CO 

(IV.) 


The evidence in support of this view may, perhaps, best be 
summarised; • as ''follows : ■ 

(i) The methyl group is in position 2, since morindone on dis- 
tillation with zinc dust yielded 2-methyIanthracene (Perkin and 
Hiimmel, '7oc,.,' '856). 

(ii) Morindone contains three hydroxy-groups, since it yields 
Iriacetyl, tribenzoyl, and trimethoxy-derivatives. 

(iii) Two of the hydroxy-groups must he in the ortho-position 
with respect to the carbonyl groups of the anthraquinone nucleus, 
sine© treatment with methyl iodide and alkali only yielded a 
monomethyl ether (see- p. 773). 

(iv) Morindone is a mordant dye resembling alizarin, and hence 

'probably has two . of the hydroxy-groups in' the t:'2-po’S'itibn. , ' ' 

(v) The hydroxy-group, which undergoes methylation with 

■methyl' iodide, ' must "'be '.present ' in. the same '' ring ' ."as , ' another' 
hydroxy-group, since monomer ether is completely 

destroyed when oxidised with an alkaline solution of potassium 
permanganate, only oxalic acid being isolated from the products 
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(vi) Moriiidone cannot 1?e a derivative of anthragallol or piir- 
purin^ sine© it is perfectly stable in alkaline solution and does not 
undergo oxidation even wben air is drawn througii such a solution 
for several days. 

(vii) „ The presence of a •002* OH group, as suggested by Ferldii, 
is unlikely, since all ' attempts to detect such an ■ alcoholic grouping 
by oxidation or displacement of the hydroxy-group by a halogen 
were unsuccessful 

From the above, it follows that the only positions for the 
hydroxy-groups are as in 1:5: 6-trihydroxyanthraquinone or 
1:7: 8-trihydroxyanthraquinone. 

(viii) It is suggested that the methyl group must be in the 
ortho-position with respect to one of the hydroxy-groups, since all 
attempts to« oxidise it to a carboxyl group by means of chromic 
acid have proved unsuccessful, the molecule being completely 
destroyed when once attacked by the oxidising agent. As is well 
known, o-xylene cannot be oxidised to phthalic acid by means of 
chromic acid, and the author has further found that whereas 
p-tolyl methyl ether when oxidised by means of chromic acid in 
acetic acid solution gave an excellent yield of anisic acid, o-tolyl 
methyl ether under similar conditions did not yield a trace of the 
corresponding o-methoxy-acid. 

(ix) If the view be accepted that the methyl group is in the 
ortho-position with respect to one of the hydroxy-groups, then four 
formulae, derived from hydroxyanthrarufin or hydroxychrysazin 
become possible (I, II, III, and IV). The author would reject 
formulae III and IV, since it is highly improbable that substances 
possessing these formulae would be methylated by methyl iodide, 
owing to steric hindrance. 

(x) In deciding between foimiulse I and II, it would appe^.r that 
formula I is the more probable, since in its colour reactions 
morindone resembles more closely hydroxyanthrarufin than hydr- 
oxychrysazin. Hydroxyanthrarufin . dissolves in ' Sulphuric . acid' 
with a violet colour which, on the addition of boric acid, becomes 
blue; morindone dissolves in sulphuric acid with a blue colour, 
which Is not changed on the addition of boric acid; moreover, the 
sulphuric-boric acid solutions of hydroxyanthrarufin and morindone 
are practically indistinguishable in colour. Hydroxychrysazin, on 
the other hand, dissolves in sulphuric acid with a red colour, which 
becomes purple on the addition of boric acid. The bluer shades 
exhibited by morindone are explained by the presence of the 
methyl group, since, as is well known, methylalizarin yields bluer 
shades than does alizarin. 

Many experiments were made with the object of confirming the; 
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formula siiggosted above for morindoiie, but up to tlie present 
without success. Molindone trimethyl ether was found to be 
extremely resistant to oxidising agents. It was only slowly 
attacked by an alkaline solution of potassium permanganate even 
in boiling, ■ solution. Experiments involving the use of either 
chromic' acid .or nitric acid gave only negative results. 

The synthesis of moriiidone is being attempted, but the problem 
vseems to be a difficult one. 

E X P E B I M E N T A L. 

Morindin, 

The material, isolated and crystallised as described on p. 767 
(Found 1 :G==5'5-37 H = 4*9. requires 0^55*3; 'H=-4'9 

per cent.), was hydrolysed with an alcoholic solution of sulphuric 
acid, when 0*7556 gave 0*3632 moriiidone. Yield of morincloite = 
48*1 per cent., whereas if the formula for morindm were C2(jIT28^i4» 
the yield of moriiidone should be 48*0 per cent. 

— This substance was readily prepared by boil- 
ing morindin with acetic anhydride containing a trace of pyridine 
for two hours. It separated from dilute acetic acid in pale siilphur- 
yellow needles, which melted at 239— 240^. For analysis it was 
dried at 120° (Found: C = 56*lj H==5-l. C42H44O22 requires 

G = 56*07 H = 4*9 per cent.). The number of acetyl groups present 
was deteTmined by A. Gr. Perkin’s method, and was found to be 
eight. 0*2074 gave 0*1103 G2H4O2, whence Ac = 38*2, whereas this 
amount of a substance of the foniiula G2(jH2o^i4(^<^)8 should yield 
0*1106 C2H4O2, Ac = 38*2 per cent.'** 

3£orindo/ie. 

■ : ''The morindonerequired for. these 'experiments was' obtained from 
.morindin; by 'hydrolysis '.with an" alcoholic solution of' sulphuric 
' ..acid," A,fter,, crystallisation 'from- toluene, it 'melted at '275°, 'and' 
show-ed all the properties ascribed to this substance (Found : 
':''-0-='66*4,;,H=3*7. ■ -Gale,.: C'='66*7; H = 3*7 -per cent.). M,o,rindQn© 
was not attacked when heated with an acetic acid solution of 
' '.hydrogen -'bromide (saturated - at -for ''So-me hours ,-at, 100° in- a 
sealed tube, nor was it found to be altered when air was drawn 
through an alkaline solution for some days. 

-Ace«yfeori>2-fl-0'»C:,^Ac'etylm^ ,-was .-prepared-, by' .heating 

.'-morindone .' foi*. -twd' ho-urs' with'' .acetic... anhydride, and' ' a'lihydro'us 

-.' * Oe,sterJe' '.and, .'Tisza’s ' fo-rmula’ ■C37H24.0,45(Ac)p .'requires Ae= 39‘8 per 
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sodium acetate. It was purified by crystallisation from acetic acid, 
wben it was obtained in pale yellow needles melting at 249° and 
commencing to sinter "sliglitly ■ at 243°. This melting point is con- 
siderably higher than that given by Perkin and, Hummel (/oc. dt.^ 
p. 856), who state that acetylmorindone melts at 222°. I am, 
however, informed by Prof. Perkin that this value for the melting 
point is probably due to a misprint. 

For analysis, a specimen was dried at 120°: 

01129 gave 0-2645 CO., and 0*0427 ILO. C = 63*8; H=4*2. 

CgjHiftOg requires C==63-6 ; H = 4*0 per cent. 

Acetylmorindone was not readily attacked by chromic acid, and 
all attempts to oxidise the methyl group by this reagent were un- 
successful. Thus, when treated with the quantity of chromic acid 
calculated to oxidise the methyl group to a carboxyl group, a 
portion of the substance appeared to undergo complete destriiction, 
the remainder being unattacked. A careful examination of the 
chromic acid solution failed to reveal the presence of any deriv- 
ative of phthalic acid. When treated with an acetic acid solution 
of hydrogen bromide (saturated at 0°) in a sealed tube at 100°, 
hydrolysis of the acetyl derivative took place, but no- trace of a 
halogen derivative was formed, as would in all probability have 
been the case if a •CH 2 *OAc group had been present (compare 
Perkin and Simonsen, T., 1904, 86, 854; Miiller, T., 1907, 91, 
1782). 

Bemoylmomiclone. — Morindone (1 gram) was mixed with 
pyridine (5 c.c.), and, after cooling in ice, benzoyl chloride 
(2 grams) was gradually added. The reaction proceeded readily, 
and, after remaining for thirty minutes, the mixture was poured 
into water, when a viscid oil separated, which rapidly solidified 
on triturating with hot alcohol. It was crystallised from acetic 
acid, when it was obtained in nodules of fine, yellow needles melt- 
ing at 218—219°. For analysis, it was dried at 120° : 

0*1079 gave 0* 2924 CO 2 and 0*0403 H 2 O. C = 73-9 ; H =4*1. 

, CgeH220g' requires- C= 74*2 ; 'H-= 3*8 per cent. 

.M.eihylation of Morindone : Morindone Mononiethyl Eihef and 
Trimethyl EiKer. 

'' Many ' experiments -were 'made’With ' a ■ view 'to ..devisO' a. :''sat:isfac-' 
tory naethod for the preparation of morindone trimethyl ether. It 
was ultimately found that the following somewhat laborious process 
gave' the; -best' 'results,-'- v 

'.-Morindone'' (3-,' -, grams) 'was ;',mixed; with - a/, solution; ■■ Of ;::'Pdtas^^^ 
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hydroxide (12 grams) dissolved in water (15 e.c.) and treated with 
methyl sulphate (15 c,c.), which was added all at once. The mix- 
ture was vigorously stirred, and w^hen the reaction was 'Complete, 
the same quantities of alkali and methyl sulphate were added. 
The alkaline solution, which was now deep red, was boiled, acidified, 
the crude methylation product collected, and again treated with 
alkali and methyl sulphate as before. The red solution contained 
in suspension a deep red, sparingly soluble potassium salt and the 
yellow trimethyl ether. It was filtered through cloth, and the 
residue boiled with dilute alkali and filtered, this treatment being 
repeated three times, when the filtrate should only be slightly red. 
The residue was ground with a considerable volume of chloroform, 
which dissolved the morindone trimethyl ether, leaving the in- 
soluble, red potassium salt of the monomethyl ether A (see p. 773). 
The chloroform extract was evaporated, the crude, pale yellow tri- 
methyl ether dissolved in hot toluene, and the toluene solution 
repeatedly washed with hot dilute alkali, which removed a further 
quantity of partly methylated morindone. (The alkaline washings 
were mixed with 4 .) 

After separating from the alkali, the toluene solution was filtered, 
the toluene removed in a current of steam, when the nearly pure 
trimethyl ether was obtained. It was crystallised from acetic acid, 
when it separated in pale yellow needles melting at 229^, as stated 
by Oesterle and Tisza : 

0T013 gave G-2566 CO^ and 0*0426 C= 69*1 ; H =4*7. 

OjgH|gOg requires C==69‘2; H = 5*i per cent, 

Morindone trimeth^^ ether, when pure, is insoluble in alkali 3 in 
sulphuric acid it dissolves to a deep blue solution. 

The oxidation of morindone trimethyl ether has been earefuliy 
investigated. The ether was found to be extremely stable to 
chromic acid, and the greater part was recovered unchanged when 
oxidised with the equivalent quantity of oxidising agent, the 
remainder being apparently completely destroyed. When suspen ded 
in dilute sodium carbonate solution and boiled with a solution of 
potassium permanganate for several days, it was slowly oxidised. 
Much of the ether remained unattacked, and, with the exception 
of oxalic acid, no acid could be isolated in sufficient quantity for 
,, identification. When nitric acid- was used as the oxidising agent,' 
only oxalic acid appeared to be f ormed. 

The sparingly soluble red potassium salt 4, mentioned above, 
was suspended in hot water, decomposed with hydrochloric acid, 
and the brown solid which separated 'was 'Collected.' ' Tt'was purified^ 
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by repeated crystallisation from acetic acid. For analysis, it was 
dried at 120^ : 

0-1012 gave 0*251 CO^ and 0-()388 HgO. C-57’6; H=-:4'2. 

0*1028, „ 0-2561, CO 2 „ 0-038 H 2 O. C = 67-9 ; II =:.4*L 
Ci<;jHi 205 requires 0 — 67*6; H=4-2 per cent. 

Morindone monomethyl ether crystallises in iridescent, brown 
needles melting at 248^. It is readily soluble in chloroform, 
toluene, or hot acetic acid, more sparingly so in ether or ethyl 
acetate, and very sparingly so^ in alcohol. It dissolves in concen- 
trated sulphuric acid with a colour similar to that shown by 
morindone, only slightly redder. The sulphuric acid solution on 
the addition of a crystal of potassium nitrate gives a fine, greenish- 
red coloration. In fuming nitric acid, it dissolves with a transient 
red colour, yielding almost immediately a reddish-brown solution. 
It forms sparingly soluble red sodium and potassium salts, the 
solutions of which exhibited a slight fluorescence reminiscent of 
eosin. An attempt was made to determine the number of 
methoxy-groups present by the ordinary Zeisel method, but owing 
to the sparing solubility of the substance, the results were always 
low, although the heating was continued for from four to five 
hours and the hydriodic acid was mixed with acetic anhydride. 
Morindone monomethyl ether is readily attacked by an alkaline 
solution of potassium permanganate; it appears to undergo com- 
plete disintegration, and the bearing of this fact on the deter- 
mination of the constitution of morindone has already been 
discussed. 

Morindone monomethyl ether was also prepared by treating 
morindone with methyl iodide in the presence of sodium methoxide. 
Morindone (0*5 gram) was mixed with sodium methoxide (1*3 grams 
of sodium), and, after the addition of methyl iodide (0*8 gram), the 
mixture was heated in a sealed tube at 100^ for eight hours. The 
deeply coloured product was poured into water, and, after the 
addition of potassium hydroxide solution, was boiled, filtered, and 
the residual potassium salt well washed with hot dilute alkali 
until the washings were only faintly coloured. The salt was decom- 
posed with dilute hydrochloric acid, and ^t^^^ brown solid thus 
obtained . (0-1 gram) was /collected ■ nnd; recrystallised from 'acetic 
acid, when it melted at 247-— •248° and showed all the properties 
of, morindone ' monomethyl,,: ether. .The melting point was not 
altered on admixture with an equal amount of the monomethyl 
ether prepared by raea:ns ':of /iUOthyl: ■sulphate, as described above.'/' ■ 

', ^ , ' Bimetylmt>rind(me , ■■■/■/■^«'j|e,f,--TMs- .,/ substan,oe / was 
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readily prepared when, the moiiomethyl ether was heated .for two 
hours with acetic anhydride and axihydrous sodium acetate. li 
was crystallised from acetic acid and dried at for analysis: 

0*1042' gave 0*2494 CO^, and ()'041 H 2 O. Ii=:4‘0. 

requires G = 65’2; H = 4’3 percent. 

Diacetylmorindone vionomethyl ether separates from acetic acid 
ill yellow, hexagonal prisms melting at 245—246'^, It is sparingly 
soluble in hot alcohol. 


The Sugars from. MoriwTin. 

In one experiment, the acid mother liquor from which the 
morindone- had been separated was treated with sodium acetate 
until the excess of mineral acid was neutralised, and the solution 
concentrated to a small bulk. Excess of phenylhydrazine was 
added, and, after heating on the water-bath for one hour, the 
brownish-yellow osazone was collected . After repeated fractional 
crystallisation from alcohol, a sparingly soluble fraction was 
obtained which separated in fine yellow needles decomposing at 
'207'^,:" ■ ■ ■ 

0*0689 gave 11 c.c, N 2 at 30^ and 760 mm. N = 17*2. 

C 3 ^ 7 Hoo 03 N 4 requires N = 17*1 per cent. 

This substance would, therefore, appear to be the osazone of a 
pentose, and is possibly identical with the osazone (m. p. 202 — 203^) 
described by Perkin (loc. cit.., p. 150), but owing to the small 
quantity of material which was obtained in a pure state, great 
trust cannot be placed in, the result of the, analysis. Prom the 
mother liquor from which the above-mentioned osazone had been 
separated, small quantity, of- another osazone was isolated, in, 
"Stout yellow needles, which melted -at about 195®' and were readily 
soluble, in, alcohol. 

'.The author wishes to thank 'Mr. M. . Gopal'a Rau, M.A., for the 
care with which he made the analyses required for this and the 
loliowin'g communication. ,■ 

,,Th® p,aEsii>EHOY.'ConuKC4®,-',’ ■■ 

.Madbas. „ [,l?6mw£?,'lfa|/16i?Ard9l8.] , 
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LXVIL- — The Nit^xition of 2- mul {y-Methoxy-m- 
TohiaMehydes and m-Toluic Acids. 

By John Lionel. Simonsen. 

For synthetical experiments in the anthraquinone group, the 
author was desirous of preparing 3-methoxy-4-methylphthaIic acid, 
and it appeared probable that the simplest method would be by 
nitrating (I), when it was expected that 

the nitro-gi’oup would enter the ortho-position with respect to the 
aldehyde group with the formation of 4-nitro-2-methoxy-m-tolii- 
aldehyde (II), which could then be readily converted into the 
required acid, for it has been shown that o-veratraldehyde (III) 
and 5 : 6-methylenedioxy-o-tolualdehyde (lY), on nitration, yield 
iiitro-derivatives containing the nitro-group in the ortho-position 
with respect to the aldehyde group (Perkin and Robinson, T., 
1914, 106, 2389; Perkin, T., 1916, 109, 910). 
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This expectation was not, however, realised, for when 2-methoxy- 
m-tolualdeh37de was treated with nitric acid under the conditions 
described in the experimental part of this paper (see p. 778), an 
almost quantitative yield of ,(V) 

was obtained. , ' 
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Tlie constitution of this aldehyde was readily proved by tlie fact 
that on oxidation it was converted into 

add (VI), an acid ' which was readily obtained by the inethylatioii 
of ' 5-nitro-2-hydroxy"///.~toliue acid (VII) (Einhorii and Pfyl, 
Annaleiij 1900, 311, 47 ; Fortner,. Mmatsh., 1901, 22, 939), , 
5“Mtro-2-iiiethoxy-m-toluic acid was also prepared by the nitra- 
tion of 2~methox^-m-toUiic acid (VIII), which was obtained by the 
oxidation of the aldehyde. 

Me Me 



(XIIL) (XIV) 

During the preparation of the 2-hydroxy-aldehyde, a consider- 
able quantity of the 6-hydroxy-aldehyde was obtained, and it 
appeared, therefore, to be of some interest to investigate the nitra- 
tion of 6-inethoxy-m-toinaldehyde (IX) and 6-methoxy-m-taluic 
acid (X), The aldehyde on nitration gave an excellent yield of 
the 5-w^ro-derivative (XI), the constitution of which was proved 
by the fact that on treatment with acetone and alkali it yielded 
the corresponding derivative of distyryl ketone, no formation of 
indigotm taking place, which would have been the case if the 
nitrc>-group had entered either of the positions ortho to the aldehyde 
group. The nitro-aldehyde yielded on oxidation the corresponding 
''mid''' '(XII),: which acid, was., ■ also formed by the, nitration of 
B-methoxy-m-toluic acid.': ' 

A,t" the /same 'time, ,, there was' obtained a considerable quantity 
of ,'a neutral substance melting- at. 69°, which, would appear to be 
^•niiro-chtolyl methyl et^ As was to be expected of a 

substance, possessing this constitution, some difficulty was experi- 
enced in converting the methyl group into a carboxyl group. This 
w,as .ultimately" ■ accomplished by oxidation with chromic' acid in 
concentrated -sulphuric acid solution, , when an acid was' obtained 
crystallising in prismatic n eedles andmelting- at '1 61°. : Simonaen ' and' 
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Ran (T.j 1916j 111, 223 et seq,) iiave described three of the four 
possible isomeric iiitro-2-inethoxybeiizoic acids ; this acid was found 
not to be identical with any of the three, and it is in all probability 
%-nitrQ-2-metlioxy'h enzoic acid (XIY), Unfortunately,' it was not 
obtained in sufficient quantity for a detailed examination to be 
made. 

The results described above are of some interest in illustrating 
the difference in orientating effect of methyl and methoxy*-groups. 
It has been suggested (Simonsen and Rau, loc. cit,) that a negative 
group in the ortho-position with respect to a positive group tends 
to neutralise such a grouping, and the orientating effect is then in 
the main exercised by the I'emaiiiing positive group in the mole- 
cule. Whilst this appears to be the case in the nitration of acetyl- 
araino'-methoxy-derivatives and also of other methoxy-derivatives, 
the rule is evidently not of any general application. 

Ex PEU.! MENTAL. 

2-Met]ioxy-m4ol'udd'e^^^^^ (I). 

The phenolic aldehyde (10 grams) was dissolved in sodium meth- 
oxide (2 grams of sodium) and treated with methyl sulphate (15 
grams), the addition of the same quantities of alkali and methyl 
sulphate being repeated three times. The solution was then heated 
on the water-bath for fifteen minutes to complete the decomposition 
of the methyl sulphate, water added, the methoxy-aldehyde ex- 
tracted with ether, and the ethereal solution dried and evaporated^ 

%Metlioxy‘m-tolualdeliyde was obtained as a viscid, pleasant- 
smelling oil which boiled at about 120'^/ 6 mm. With concentrated 
sulphuric acid it gave a cherry-i'ed coloration. 

oxime was best prepared by dissolving the aldehyde (I* 3 
grams) in alcohol, and, after the addition of hydroxylamine hydro- 
chloride (2 grams) and sodium acetate (2 grams), the mixture was 
heated on the water-bath for half an hour. On pouring into water, 
the oxime separated in silky needles, which were purified by crystal- 
lisation from methyl alcohol. It melted at 118°: 

0'1658 gave 12*9 c.c. Ng at 33° and 759 mm. N = 8*7. 

CgHiiOgN requires N = 8*5 per cent. 

The prepared in the manner, crystallised 

from alcohol, in which it was somewhat sparingly soluble, in white, 
microscopic needles melting at 224°: 

: ':0*0906'';'jgave:;::|6^ 
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J i traUmi of 2- J/ e t hoxy-m4olmilde]hyde . 5-*V-z7^ro-2-m e t ho,r-y-m- 

tolualdehyde (V). 

■Ill O'lie experimesit, the aldehyde (2 grams) was added gradually 
to nitric acid (D 1*52:10 grams), which w^as kept well cooled in 
ice. The reaction proceeded ■smoothly, and, after remaining ■ for 
fifteen minutes, the mixture was poured on ice, when an oil 
separated which rapidly solidified. This was collected, triturated 
A¥ith dilute sodium carbonate solution'^ to remove a trace of acid, 
dried on porous porcelain, and purified by crystallisation from a 
mixture of ether and light petroleum (yield, 2*2 grams): 

0'1634 gave 10*7 c.c. at 30*^ and 759 mm. N 3=57*0. 

C9H9O4N requires' N = 7*2. per cent, ■:■,,:„■ 

crystallises in balls of needles 
melting at 61 — -62°. It is readily soluble in the ordinary organic 
solvents with the exception of light petroleum, in which it is some- 
what sparingly soluble. The 5-nitro-aldehyde was found to be the 
sole product of the reaction, since no isomeride could 

be isolated from the mother liquors. 

The eemkarhazoTJe crystallised from alcohol in fine, woolly 
needles which decomposed at 233° : 

0*0948 gave 19*4 c.c. N2 at 32° and 758 mm. N = 22*0. 
G10H12O4N4 requires N = 22*2 per cent. 

,, -dimetliosydi-Z-^^ Ketone, ' 

This substance was readily prepared under the following coiidi- 
tions : the aldehyde (0*5 gram), dissolved m warm methyl alcohol 
(5 c.c.), was mixed with aceton (0*5 gram), and, after the addition 
of potassium hydroxide (50 per cent, :two drops), the yellow mix- 
ture was heated to boiling for a few minutes. The liquid rapidly 
"clouded;. and: a voluminous mass' of yellow needles . separated . These 
were collected, well washed with methyl alcohol, and the residue 
recrystallised from acetic acid, in which it was only very sparingly 
soluble, : when it was' obtained ■;■ in '-fine, yellow needles decomposing 
at '252°: ' 

0*094 gave '6 c.cv at 32° and .7'58 ;mm. N = 6*8. '' 

C21H20O7N2 requires N — 6*8 per cent, 

'..The '■ acid (O'^OS^.gram) which., separated, fro'm^ .the ; ' sodium carbonate 
solution on acidification was found to.be';5-nitro-'^‘Wethox.y.-rp4o^^ 
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Oxidation of 0'Nitro~'2-77iethox^->m-toI iialdehfde . b-Fitro'~2- 
inetJioxy-m-toluic Acid (VI). 

Tile nitro-aldeliyde (1*2 grams) was dissolved in acetone (30 c.c.) 
and finely powdered potassium permanganate (0*65 gram) was 
gradually added. The oxidation proceeded readily, and, after the 
reaction was complete, water ’was added, the solution boiled, and 
the manganese dioxide filtered off. The filtrate was concentrated 
on the water-bath until free from acetone, a trace of unchanged 
aldehyde removed, and the aqueous solution acidified, when the 
nitro-acid separated in fine needles. These ivere collected and 
crystallised from hot water : 

0*2036 gave 12 c.c. N 2 at 30^ and 759 mm. N = 6‘3. 

CqHqO^N requires N = 6*6 per cent. 

5~Witro-2-77iethoxy-m-toItne acid cr^^stallises from hot ivater in 
glistening, silky needles melting at 154*^. It is readily soluble in 
the ordinary organic solvents with the exception of light petroleum. 

The mlver salt separated in pale yellow needles, which were some- 
what soluble in hot water : 

0-2974 gave 0*1007 Ag. Ag=:33*8. 

CgHgOsNAg requires Ag = 34-0 per cent. 

For the purposes of comparison, a specimen of 5“nitro-2>methoxy- 
7??-toluic acid was prepared by the methylation of the correspond- 
ing hydroxy-acid obtained by the nitration of 2hydroxy-w-toluic 
acid (Einhorn and Pfyl, loc, The acid isolated from the 

methylation melted at 154®, and was identical in every way with 
the acid prepared by the method described above. 

2-Methoxymdolitic Acid (VIII). 

, . This acid was ' readily obtained, by the oxidation ' of . the correspoiid- 
Ing aldehyde by means of potassium permanganate in acetone solu- 
tion, It separated from, hot ■water in hair-like needles which melted 
at 83®. It was readily soluble in hot water and in the ordinary 
organic solvents, somewhat readily SO: in cold water: 

0-0952 gave 0-2266 COg and 0-053 HgO, C-64-9; H = 6-2. 

. CgHjoOg requires 'C— 'OS'* 1,1 .B.== 6*1 per cent. , 

The silver salt was obtained as a caseous, white precipitate which 
was dried at 100® for analysis: 

y 0-37^'gav6^:0'*1475''''Ag.''^^^ 

^.■'■■CgHgQ^g,':'r«|nii:e6^ Ag■^:=39’6:,■,per( cent>.;vo^^ 
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Nitratioji of .ic’irf. 

The acid (O' 3 gram)' '\?as gradually added to nitric acid (B T52 : 
1 gram),, the temperature being kept at about 30®. After remain- 
ing for ten minutes, tbe clear solution "was poured into water, when 
the nitro-acid separated and . was collected (yield, 0*3 gram),. 
After crystallisation from hot water, it melted at ,154®, and this 
melting point was unaltered on admixture with a specimen of the 
5-nitro-acid prepared by the oxidation of the iiitro-aldehyde as 
described above. The 5-nitro-acid appeared to be the sole product 
of the reaction, since the mother liquors yielded no trace of a» 
isomeride. 

■' Nifration of 

methowf^ (XI). 

The aldehyde (3 grams) was added slowly to nitric acid (D 1*62: 
0 grams), which was kept well cooled in a mixture of salt and ice. 
The aldehyde dissolved with considerable evolution of gas, and, 
after remaining for ten minutes, the mixture was poured on ice, 
when the nitro-aldehyde separated and was collected (yield, 4*2 
grams). 

^^Nitro-^-methomy-m-tolu(dd^ crystallises from dilute alcohol 
in small needles melting at 77®, It is readily soluble in all the 
ordinary organic solvents : 

0*1093 gave 7*2 c.c. N2 at 31® and 760 mm. N = 7*l, 

): C9H©04N requires N = 7*2 per cent. , 

The iemicarhmone, crystallised from alcohol in needles which 
decomposed at ;236®:" 

0*0849 gave 17*4 C.C. Na'at 'SI® and 760 mm.. K^=22*0i '''v,, ', 
^10^^1204X4 requires N = 22* 2 per cent. 

5 : 5 ^~DimtrQ4 : : 4^-dimethox^<M^d-meth^htfr^l Ketone, 

This substance was prepared in a similar manner to the isomeride 
described on p. 778. It crystallises from acetic acid in yellow 
needles melting at 214®: 

0*0526 gave 3*4 C.C. Hg at 3Q® and 769 mm. X = 6*9. 
02iH2o07X2 requires X = 6*8 per cent. 

(XII). 

This acid was readily obtained when the nitro-aldehyde was 
oxidised with potassium permanganate ' in 'acetone'' 'solution.,' ,,' For, 
?:',i||}||ip': ; it , ; Wa 
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0’1752 gave 11*2 c.c. at 31*^ and 760 mm. N==6'8. 

C9H9O5N requires N = 6*6 per cent. 

h-NitroS-methoxy--m--tolv;io acid crystallises in colourless^ felted 
needles melting at 180- — 181°, and softening slightly at 175°« It, 
is very sparingly soluble in cold water, somewhat more readily so 
in hot ; it is very readily soluble in chloroform, acetic acid, or ethyl 
acetate, more sparingly so in benzene. 

The barium salt crystallised in sparingly soluble, curious nodular 
masses of needles; the calcium salt was obtained in stellate clusters 
of needles which were readily soluble in hot water ; the silver salt 
separated as a granular, white precipitate: 

0*2272 gave 0*0772 Ag. Ag = 34*0. 

CgHgOgNAg requires Ag = 34*0 per cent. 

The methyl ester, C310H11O5N, crystallised from dilute methyl 
alcohol in silky needles melting at 47°. 

Nitration of ^-Metlioxy-m-t dime Acid (X). 

The finely powdered acid (1*4 grams) was gradually added to 
nitric acid (B 1*52 : 5 grams), the temperature being kept between 
30° and 35°. The acid dissolved with considerable evolution of 
gas, and, after remaining for ten minutes, the mixture was poured 
into water and the solid which separated was collected and 
triturated with dilute sodium carbonate solution, a considerable 
quantity of a neutral substance, A (0*62 gram), remaining undis- 
solved. This was separated, the filtrate acidified, and the acid 
which was deposited (0*97 gram) crystallised from dilixte alcohol; 
when it was obtained in fine needles melting at 180— -181°, this 
melting point being unaltered on admixture with a specimen of 
the acid obtained by the oxidation of the nitro-aldeliyde. The 
neutral substance A was purified by crystallisation from methyl 
alcohol, from which it separated in glistening needles melting at 
69°. Foranalysis,itwasdriedinavacuum: 

0*1404 gave 11 c.c. Ng at 30° and 759 mm. N = 8>5. 

GgHgOgN requires N==8*4 per cent. 

This substance would appear to be ether 

: (XIII). It was attacked by a hot alkaline solution of potassium 
permanganate only with gneat difficulty, but it was found to be 
readily oxidised by chromic acid under the following conditions: 
the nitro-compound (0‘25 gram) was dissolved in concentrated 
sulphuric acid (1 c.c.) and gradually treated with chromic acid 
',(0*3 gram) dissolved in cxxncentrated sulphuric acid (2 c.c.), the 
temperature being kept at- about 40°*, When the reaction ' was 
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complete, water was added, tli© nitro-acid wliicli separated was 
collected, dissolved in a little dilute sodium carbonate solution, and 
filtered from a little iinattacked material. On acidifying tiie 
alkaline filtrate, the nitro-acid separated in fine, prismatic needles 
which melted at 159 — 160°. After crystallisation from hot water, 
in which it was readily soluble, it melted at 161°. This acid was 
probably acid (XIV), an acid which does 

not appear to have been described previously. It was not identical 
with 5-nitro-2-methoxy benzoic acid, which also melts at this 
temperature (Simonsen and Ran, T., 1917, 111, 228), since a mix- 
ture of the two acids melted at about 140°. Unfortunately, this 
new acid was not obtained in sufficient quantity for a detailed 
examination. 

In conclusion, the author wishes to thank Mr. M. Gropala Ran, 
M.A., for his assistance in the analytical work. 

The pRESIDEKOY COELEClIi^'" ... , 
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t'XVIIL'-— r/i6 Bromination of some Dermativen. of 

VeratTole. 

Ry John Lionel Simonsen' and ' MAmAE Gopala Rau. 

In previous communications (T., 1917, 111, 69, 220; this voL, 
p. 22), the results of experiments were described on the nitration 
of some acetylamino-derivatives of veratrole and methoxybenzoic 
acids, and attention was directed to the relative orientating 
influence of methoxy-groups having positive or negative groups in 
the ortho- or para-positions. In continuation of these experiments, 
it appeared to us to be a matter of some interest to investigate the 
eff^ect' of bromination on. th©’ same series of compounds in order ^ to 
,.id,eterinine, whether .substitution ■ .would'..' 'proceed similarly.' ' iVhen,, 
'.these , e.X'periments were.mearing . completion,' , a paper by 'Jmm ' and 
'Robinson (T., I'SIT,,',!!,,.!, ''90.3), .'appeared which has . anticipated .our' 
work-in some directions. 

W© selected for our experiments the two isomeric acetylamino- 
veratroles and the three aoetjlaminoveratric acids, and the results 
obtained are shown diagrammatically below. 
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The bromiiiation was performed either in chloroform or in glacial 
acetic acid solution, the sparingly soluble bromo-amide which 
separated was decomposed with water, and the product isolated in 
a suitable manner. As will be observed, the bromine always 
entered the nucleus iii the para-position with respect to the>'aeetyl- 
amino-group, except in the case of 6-acetylaminoveratric acid 
(XIV), when, this position being already occupied, the carboxyl 
group was eliminated with the formation of 5-hromo-4-acetylamino- 
verairole (IX). Only in one case was the formation of an isomeride 
detected, namely, when 3-acetyiaminoveratrole (I) was brominated 
under special conditions (see p, 786). It has not, unfortunately, 
proved possible to orientate this isomeride, which must be either 
the 4- or b-bromo-derivative (III or Il^it), ' since on the elimina- 
tion of the amino-group it yielded 4-bromoveratroIe, From 
analogy, it is most probably the 4-isomeride, and this view receives 



784 


SIMONSEN AND RATT : THE BROMIKATlO'R OF 


support from the iact tliat traces' of this bromide were also formed 
during the bromination' of 2-acetylaminoveratric acid (X), 

The constitution of the main product of the ■ brominatioii of 
3-acetylaminoveratrole, B-b'romo-Z-acetylamirioveratrole (II), was 
determined by eliminating the amino-group with the formation of 
S-hroniO'veratrole (IV), a substance which was also prepared from 
3-aminoYeratrole (V), the bromide from each source being con- 
verted by nitration into 6“bromo-4-nitrO'Veratrole (VI), which has 
already been described by Jones and Robinson (Joe. cit., p. 918). 

The brommation of 4-acetylaminoveratrol© (VIII) has already 
been inyestigated by Jones and Robinson (Zoc. cit.^ p. 913), who 
found that 5-bromo-4"acetylaininoveratrole (IX) was formed. This 
result we are able to confirm, but we have found that the compound 
melted at 127 — 128^, and not at 140° as stated by these authors. 
Tn view of the ease with which this substance was obtained in a 
pure state, it appears to us probable that the melting point quoted 
by Jones and Robinson is due to a misprint.* 

The determination of the constitution of the isomeric bromo'" 
acetylaminoveratric acids (Xl, XIII) obtained by the. bromination 
of 2" and 5-acetylaminoveratric acids (X, XII) offered no difficulty, 
the corresponding bromoveratric acids being obtained on displace- 
ment of the amino-group by hydrogen. 

In view of the fact that the formation of the bromo-amide always 
preceded substitution in the nucleus, which was therefore indirect, 
these experiments cannot be said to have thrown any light on the 
mechanism of the nitration of this type of substance. If indirect 
substitution directed by the methoxy-group does take place on 
nitration, it should prove possible by choice of suitable conditions 
to isolate this salt, and it is hoped to make findhpr experiments 
with the object of tlirowixig light on this problem. 

Experimental. 

■Bromination of Z- A eetylaminoveratrole (I)., ^•^Bfomo-Z-aceU/l- 
amimveratrole (IT). 

V In one experiment, S-aoetyiaminoveratrole (3 grams) was dis- 
, solved in chloroform and to the ice-cold solution bromine 

(2*64 grams) dissolved in chloroform (3 c.c.) was gradually added, 
when bromination took place readily with the separation of the 
sparingly soluble yellow bromo-amide. After remaining for 
fifteen minutes, the precipitate was decomposed by the addition of 
water, ;the chloroform solution separated, washed with a little 

' IProfi Robinson has since informed me that this is the case.—^. L. S. 



SOMB DEBITATIVBS . OB' TBEATBOLE. ■ ' ■ ' , , ' 785 

dilute alkali j dried^ and evaporated, wben a theoretical yield of 
the bronioacetylanaine was obtained. It was purified by crystal- 
lisation from dilute acetic acid : 

0-1942 gave 0-1332 AgBr. Br-29-3. 

0*1544 7*6 c.c. Ng at 30° and 758 mni. N = 5‘3. 

CioHi203NBr requires' Br = 29*2; N = 5'l per cent. 

^~Bro7no-Z-acetylam>inoveratrole crystallises in prismatic needles 
melting at 78°. It is readily soluble in all the ordinary organic 
solvents with the exception of benzene and light petroleum. The 
same- bromoacetylanoLine was found to be the sole product when 
glacial acetic acid was used as the solvent in place of chloroform. 

B-Bro7no-3-aminoverat7'ole was formed when the acetyl derivative 
was heated on the water-bath for some hours with hydrochloric 
acid (50 per cent.). It crystallises from* dilute methyl alcohol in 
colourless needles melting at 66°, and is readily soluble in the 
ordinary organic solvents: 

0*119 gave 6*6 c.c. N2 at 30° and 759 mm. N = 6“0. 

CgHio02lS[Br requires N = 6*0 per cent. 

The hetizoyl derivative crystallised from dilute alcohol in minute, 
radiating needles melting at 75°: 

0*1935 gave 8*0 c.c. at 30° and 760 mm. N = 4*4. 
Cj^Hj^jOgNBr requires N =4*1 per cent. 

3-Bromoveratrole (IV) aTid 6~Bro77ioA-mtrQveratrole 

1. For the determination of the constitution of the bromo-amide 
described above, it was necessary to prepare 3-&romo^<5m^ro^e. 
This substance, which does not appear to have been previously 
described, was readily obtained when 3-aminoveratrole ((xibson, 
Simonsen, and Bau, -7o6*. ai5., p. 79) was diazotised and treated 
with cuprous bromide in the usual manner. It was 'purified by 
distillation in a current of steam and subsequent distillation under 
diminished pressure, when it was obtained as a somewhat viscid 
oil boiling at 114°/ 5 mm.;;, 

' ;'0*1287,gav6 0*lil7, AgBr.' - 

C3H902Br requires Br = 36'9 per cent. 

When 3-bromoveratroie was dissolved in acetic acid and treated 
with nitric acid (D 1*4), it yielded 6-bromo-4-nitroveratrole, which 
crystallised from alcohol in ^needles melting at 112 — 113°, and was 
found by direct comparison to be identical with the substance 
described by Jones and Robinson (loc^ cit.^ p 918) (Found; 

' TIv; 3-Bromoveffa'trole,;was;' .also') formed ; '::wh©n,/6Jc>romo-|/a^ 
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veratrolo (see above) was diazotised in alcoboHc solution . with amyl, 
nitrite in the usual niamier. It was identified by conversion into 
64)roiiiO“4--iiitrov6ratrole melting at 112 — 113^ (Pound: N=5*5, 
Calc.: Nr.-=5*3 percent.). 


4™ or b-Bro^no-Z-acetylaminover (III or Ilia). 

For the preparation of this substance, the following method was 
found to be the most cotivenient. The acetylarnine (5 grams) was 
dissolved in acetic acid (50 per cent. : 20 c.c.) and bromine (4-2 
grains) was gradually added to the well-cooled solution. When 
bromination was complete, the mixture was diluted with water 
and ammonia added until a nearly neutral solution was obtained. 
On remaining overnight, the bromination product, /I , separated ; 
this was collected and the filtrate repeatedly extracted with ether. 
The ether was evaporated and the residual oil triturated with cold 
acetone, when a sparingly soluble solid remained. This was mixed 
with the product (see above) and purified by crystallisation from 
acetone, when it separated in well-defined octahedra melting at 
(yMd,-2 . grams).':-,'',': ■ 

, , , 0vI966 .gave ,0d36. .'AgBr.,'/, Br='29’4v''; 

0-1842 „ 9-4 c.c. Ng at 30^ and 756 mm. N = 5-3. 

“ CjoHigOgNBr requires Br=: 29*2; ]Sf = 5*l per cent. 

4- or 5-BroniO-3-acetylaininoveratroIe is readily soluble in alcohol 
or acetic acid, more sparingly so in benzene, acetone, ether, or 
light petroleum. 

The corresponding amine was obtained by heating the acetyl 
derivative for one hour on the water-bath with sulphuric acid 
(50 per cent. ) . It separated from dilute m ethyl alcohol in colon r- 
less needles, melting at, 49^: ■ . ■ ’ , 

" ' O* 1268 gave 0'',i023 AgBr,' Br = 34*4.' 

benzoyl derivative, 0 i 6 Hj 4 O 3 NBr, crystallised , from 
alcohol in needles melting at '146^.-. ■ 

The' ..platdmcMorid^^ separated from dilute hydrochloric' acid, in 
'aggregates , of, yellowish-brown ; prisms, -which 'darkened at 200*^ and 
gradually decomposed when heated above this temperature: 
.,,v,-:.-0*165'9',gave'0*0'402 Pt. ^Pt=24*2, ' 

-".■'When „ the ' .ahove-mention-ed- bromo-amine -was' diazotised, ..-it 
yielded.',' 4-brom'Overatrole> which ; was "'identified, by, conversiO'H into 
'4:"b'rom'o-5-n'itrDveratr'Oie; 'm .'at: '123^ (Jones-' a,iii ' 'Robinson,:' 
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loc. cit,, giv© 125° as tlie melting point of this siibstaiico (.'Foiiii<i: 
N— -5*3. Calc,: N = 5*2 per cent.). 

The acetone solution from wMch the 4- or 5»broino-3-acetylamiiio- 
veratrole had been ■ separated was evaporated, and the residue (5*5 
grams) was repeatedly crystallised from alcohol, ■when a substance 
melting at 78° was isolated and found by direct comparison to be' 
b-bronio-S-acetylaminoveratrole. 

Broinination of A-Acetylainmoveratrole (VIII). b-BromoA- 
acetylaminoveratrole (IX). 

As lias already been mentioned in the introduction (p, 784), 
the bromination of 4-acetylaminoveratrole has already been in- 
vestigated by Jones and Bobinsoii (loc. cit., p. ■ 913), whO'' found 
that S-bromoA-acetylaiainoveratrole was formed. We have in- 
vestigated this bromination both in chloroform and in acetic ■ acid 
solutions, when the 5-bromo-derivative was obtained as the sole 
product. ■ It crystallised from hot water in long, slender, .needles 
.which melted at 127 — ^128°.. , Attention ' has .already been directed 
to the discrepancy between this melting .point and that found' by.'; 
J ones and Bobinso.n : 

.0*1981 .gave 01352 AgBr. Br.=.29*3. • 

^lO^ieOsXBr requires 'Br ^ 29*2 per cent. 

b~Bmmo.A<mmwveratrole, -which .has not. been, ' . deHcrifoed" 
previously', was obtained only with, considerable . difficulty, . owing .' 
to the' ease with which it' decomposed.' ' "Ultimately, the 'fallowing: 
method .waS' found to be fairly satisfactory,' ' 'The.'.brom'oacetyl-" 
amine' was dissolved, in at methyl-alcoholic solution' of' potassium 
hydroxide (15 per cent. . KOH) - and heatC'd' on the. '"..'W'ater-bath" for' 
.three hours, 'the excess, of p.o.tas8ium.' hydroxide remov@d.,'by'.earbO''ii '. 
d:iO'.X'i'de, : the solution . filtered, and. -the- '.methyl: alcohol evap.orated' 
in a. vacuum .at the ordina.ry. temp.era.tnr.et . 'The re's.idu.e'.. was,. 

„ extracted with \ether,. .the.- -.ether evaporated, ' when tlie,,"'b'as-e, was. 
obtained 'as .a. viscid .oil which rapidly crystallised,." After 'draining, 
on porous porcelain, it.w'as recrystaliised from dilute ni'ethyl alcohol,' 
from which'. .'it se'parated in.nolo’urless needles melting at 51°. '. 'When '' 
exposed 'to the, air,., the 'ba 0 e,'',rapidly darkened in colour: 

0*0844 gave 0*0682 A.gBr.",'.'„'Brs=34*4. 

' . ' . , CgHj^OgiNBr. ,.': req.uires.-, ^Br,.s= 34.*'4' ■ per ^ cent.. ' . .- .- . 

The hmmyl derivative, Ci 5 Hi 40 gh!Br, crystallised in needles 
'melting,'.','' at'':I'42^i . . , ■ 

■ The constitution of this hrome-amine was readily determined by’ 
conversion into 4 : S'dibromoveeratro^le. The bromo-amine (1 gram) 
:,'Wa8 dissolved in hydrobromio aei# '(30" per cent. e.c.) and diaxo- 
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tised by tlie addition of sodium nitrite (0*4 gram). After remain- 
ing in the cold for half an hour; ' the mixture was poured ■ into 
hydrohromic , acid (5 c.c.) containing a, little copper powder and 
allowed to remain in the cold overnight. The solution was warmed 
on the water-hath, extracted with ether, the ether evaporated, and 
the residua crystallised from alcohol, when 4 : 5-dibromoveratrole 
separated in needles melting at 92^, which melting point was not 
changed on admixture with a specimen of the compound obtained 
from a different source. 

Bromination of ^Acetylaminoveratnc Acid (X). 5-i?fomo-2- 

acetylaminoveratric Acid (XI). 

I. 2-Acetylaminoveratric acid (2 grams), was suspended in acetic 
acid (4 c.c.) and mixed with bromine (1*3 grams) dissolved in acetic 
acid (2 c.c.) y the mixture was sealed up and allowed to remain, 
with occasional shaking, for twenty-four hours, when the^ colour 
of the bromine had completely disappeared and a yellow, unstable 
bromo-amide had separated. On the addition of water, a clear 
solution was obtained, from which the bromo-acid gradually crystal- 
lised. This was collected, and a further quantity obtained by 
extracting the filtrate with ether (yield, 2*1 grams). On tritura- 
tion with dilute sodium carbonate solution, a small quantity of a 
neutral substance (0*1 gram) remained imdissoived. This crystal- 
lised from alcohol in needles melting at about 168^, but it was 
not obtained in sufficient quantity for investigation., . The: acid 
which separated from the alkaline filtrate on acidification was 
found to be quite homogeneous, and was purified by crystallisation', 
f rom,, ethyl acetate ; . 

0*1534 gave '0,*0908 AgBr. Br=25*2. ,: ' 

CjxHjgOgNBr requires , Br = 25* 1 per cent. ' ' V ' 
b-BTmno-2-acetylammoveratric . separates ' in ' fine needles 
melting ■ at ' 188— 189'*^., It is readily soluble : in acetone, „ alcohol, 
ethyl ' acetate,, or chloroform,, more ' spa'ringly so in , water, benaene, 
or ether,, and,, very,, sparingly so in light petroleum' 
,'II,:'2-Acetyia,'minoveratric 'acid '(2' grams) was mixed with 
chloroform (4 c.c.) and,, treated with' bromin©' (1*3 grams) dissolved 
■in chloroform '(2,c.c.),y the brom’o-amide gradually separated,' and, 

'■, after , 'remaining for ,: 'twenty-foux' hours, the mixture ' was treated 
with',, water,'," the ' chloroform s-eparated, washed with , a little 'd'iluto' 
alkali, v'driedy and evaporated,' when a- small, quantity of' a , neutral 
' , substance,; 'remained. This was crystallised from 'a little, 'dilute 
■methyl ' "alcohol, when it crystallised in ':.octahedra melting, 'at ,,151^,. 

',' ' ,',and:, was found to be 4- or S-bromo-S-acetylaminoveratrole. , ' , . 



SOME BEEITAO/IVES OE TEBATBOLE, 


789 


The alkaline washings yielded on acidification 5-broio.o-2“acetyl- 
aminoveratric acid. 

b-Bromo-^cmiinovei'ati'ic acid was obtained when the acetyl 
derivative was hydrolysed with either hydrochloric acid or concen- 
trated sulphuric acid. It crystallises from alcohol in colourless 
prisms melting at 158 — 159°: 

0*1114 gave S'B c.c. N2 at 31° and 758, mm, N-S-l 
CgHjQO^NBr requires N = 5*l per cent. 

The constitution of this amino-acid was readily proved by the 
elimination of the amino-group, when 5-bromoveratric acid melt- 
ing at 191° was obtained (Found: Br — 30*5. Calc.: Br = 30*6 
per cent.). 


BT07mnatio7i of b~Acetylammoveratric Acid (XII). 
2-Bromo~b~acetylarninaver€itric Acid (XIII). 

The acid (2 grains) was dissolved in acetic acid (4 c.c.) and 
treated with the calculated quantity of bromine dissolved in a little 
acetic acid. The clear solution rapidly became cloudy, and a 
voluminous precipitate of the reddish-yellow bromo-amide separated. 
After remaining for ten minutes, water was carefully added, when 
a clear solution was obtained, from which the bromo-acd slowly 
crystallised. This was collected and recrystallised from dilute 
alcohol, from which it separated in fine needles: 

0T862 gave 0*1096 AgBr. Br = 25*L , ' ^ 

C3^iHi205NBr requii’es Br = 25'l per cent. ' i 

2-Broino-5-acetylaminoveratrio acid melts at '221°. It is' readily 
soluble in hot alcohol or acetone, more sparingly so in the cold 
solvents; in water or benzene it is sparingly' soluble. 

On hydrolysis of the acetylamino-acid with hydrochloric acid 
(60 per cent,), the ^mr/io-acid was- obtained as ,a viscid ■ oil which 
rapidly crystallised. It was recrystallised fro.ai dilute alGohol, 
from which it separated in glistening prisms melting at 183°, It 
is readily soluble 'in 'hot alcohol .or ■■ acetone, , but only sparingly,, so 
in,'Water, chloroform, or benzene’: ’ 

:' ;0* 161 '.'gave 0*1021,AgBr.' Br,==.28*8'.^A■■ 

,' C9Hio04NBr ' requires 'Br=,2,8* 9' per cent. ' 

.When -diazotised'in alcoholic. S'olution -with amyl nitrite, it,''yi'6ld0d' 
2-br'Om'Overa'triC' ' acid, ' which' ■ after ■ crystallisation' from methyl"' 
.alcohol .melted at ''.201— 202°.; '(Found 30*2. ' .'Calc, : Br 30* 6/ 
'.p^' emit.)'.' 
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Bromination of ^-Acetylaminovcratric Acid (XIV). 

^-Bromchi-acctylammovemtroh (IX). 

The finely divided acid (2 grams) .was suspended in ■ cliloroforiri 
and , the calculated' quantity o-f bromine, diss'olved in chloroform 
gradually added. The bromine was rapidly absorbed, and 
simultaneously a small amount of gas (carbon dioxide) was evolved. 
After remaining overnight, water was added to th© pasty mass, 
when a vigorous evolution of gas was observed. A small quantity 
of 'UiiGhanged -acid ■ was' removed by filtration, th© chloroform 
separated, washed with a. little dilute alkali, dried, and evaporated. 
The deep brown residue rapidly solidified . to^ a hard, crystalline 
cake, and was- purified by crystallisation, from hot water, from 
which "' it : separated in slender, colourless needles me'lting at 
1,27— ' and ' w:as ide^ntical in every way with the compound 
obtained by the bromi'nation of 4-acetyla2iiinov©ratrol©. No trace 
of any other product could* be isolated: 

; 0T14I' gave 0*0775 AgBr, Br = 28*9. 

, OioHjoOgNBr requires' Br=:29.‘.2 per cent.', 
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^ Electnml '-.'Conductivity, .of ' .Acids ' "and\ 
Bases in Aqueous Solutions*' ' ' 

By Jnakenbba ■ GHAHnsA 6 

Ih. previous' pap'Ors (this ,',.vol'.y'"pp.,, 449, 627, 707), it has bee.n shown 
'that th,©. variation' of /..equivalent.' conductivity ,'w in the" 

.case of 'all ,bina'ry''uni¥alent.S'alts,''is'''r.ep'resen^ by', 'the:' equation 


‘^2ETl0ge^^~ 



where',.i¥ :is Avoga'dro's, , number, ^ '.the Bhsolute charge on an iou, 

D 'the dielectric:constant. of .''the solvent,- and F the 'dilution. 

' ' Abnormally' Sigh ' Values of Activity-coefjiments of Acids mid 
Aqueous solutions', of .'.'s.trong a.cids like hydrochloric. 'or .nitric 
: acids,, and of. strong. 'bases 'like .sodium ,or potassium hydroxides, 
'.however,"' prove ' 'exceptions' . to- :,the ' above, .rule. -, This,-, irregular 
behaviour "Will 'be 'At once 'evident from table, I? wh©,re,' the ,'value&. 
"of the' ' .activity-coefficients' calculated fro.m equation'' (1). .at© , com.- 
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pared witli tlie observed values (Noyes and Falk, J\ Anit/r. (7he.ni. 
aVw;*., 1912, 34, 474). 

Table I. 



10. 

20. 

50. 

100 . 

200 . 

500 .- 

Mif 

- oale. 

0*844 

0-S75 

0*900 

0*924 

0-940 

0*955 

obs. foi-HOl 

0-925 

0-944 

0*962 

0-972 

0*981 

0*988 

obs. for KOH ... 
MX 

0-S87 

0-910 

0*933 

0-945 


0*970 


This irregularity disappears as we pass from the aqueous to iioii- 
aqueous solutious of strong acids. In alcoholic solutions, for, ex- 
ample, equation (1) is exactly followed. In table II, the observed, 
values of the molecular conductivity of hydrochloric acid in 'methyl 
alcohol are taken from the. work' of Goldschmidt and Thtiesen 
(Zeiiseh, ph^sikal. Chem,, 1912, 81, 32). For dilute solutions, the 
agreement between observed and calculated values is always within 
1 per cent., and the validity of equation (1) is therefore proved 
beyond doubt. .■ 

Table II.:' T = 


^.x'calc. from 

F= 

r 

40. 

80. 

160. 

320. 

640. 

' -, 192'-2 ; - ‘ - 1 

,u,.^ . obtained ,,,: by 
extrapolation j 

ealo. 

1 

142*5 

151*8 

159*5 

166*7 

- 170*9' 

,, =1,92*1 ' 1 

[fXt} obs. 

141«0 

151*8 

160*5 

167*2- 

171-9' 


Ahnorm-aUy High Values of the Electrical Oondttetimiy ^f Acith 
.and Bases , — It "has always appeared remarkable that the values of 
the equivalent conductivity of acids- and bases in, aqueous solutions 
are , not of the , same order, of magnitude ,.as those of , other salt's. 
Thus the conductivities of liydrog'en -and . hydroxyl io-iis in; aq.ueoiis 
solutions are 318 and 175 'respectively at -18^, whilst those of the 
■'other ions' never exceed- 70. "■;I,n 'non-aqueous , solutions, again, .'this 
-abnormality is : not-' observed. . Thus 'ineidiyl alcohol, ' the , con - 
ductiviti-es of hydrogen -and hydroxyl ions', are 32’r 'and, ',16%5, whilst 
' 'those, of - ',p-otassiuin- 'an,.d,animo,Bium ions '..are, 21-* 5 .and 20 respectively 
(Godlewsld, ZeitscJi, physikal, Cliem,^ 1906, 51, 751; Hagglund, 
Arldn^./Kem, -(7-coZ.',. ''19,11, ,4, - No., ,11)'.,' , Here the -"values,- are 
-,'of':,tha'',saihe', order., , This,:-' is '-also .'true, for, '-solutions in other solvents, 
for example, methyl alcohol or acetone. 

The Conductivity of Aqueous Solutions of Acids and Bases — not 
entirely a Connection Frocess. — ^It is thus evident that the abnormal 
conductivities of hydrogen and hydroxyl ions, in aqueous solutions, 
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are sonieliow related to- tlie Mgli values of tie activity-coefficients of 
acids and bases^ botli fliese ' abnormalities disappearing wbeii tie 
solvent medium is other than water. Equation (1) lias a good 
tlieoretical basis, and it appears more reasonable to . assume tliat 

the observed ratio' Jt'bfor, acids and bases in aqueous solutions is 

not a real expression for the activit^^-coefficient, than to impugn its 
validity. It appears to the author that the observed conductivity 
of hydrogen and hydroxyl ions in water is the additive effect of 
two separate and independent processes, namely, (1) the transfer- 
ence of electricity by the convection of charged bodies, and (2) the 
transference of electric charge through molecules of water by the 
alternate processes of dissociation and recombination during impact 
with' hydrogen' or hydroxyl ion. ■ ■ 

The first ' pimcess is, of course, the ordinary method of electro- 
lytic conduction' 'met with in salt solutions. Here, only the free 
iciis take part in the transference of electricity, and their number 
is ■ given by the equation 

, . . . . ( 2 ) 

The mechanism of transport of electricity through molecules of 
water may he conceived as follows. 

A molecule of water is capable of dissociating into hydrogen and 
hydroxyl ions, the only ions th.at possess abnormal conductivity. 
ISTow, in a dilute solution of hydrochloric acid the hydrogen ion is 
' surrounded by wmter molecules on. all sides. It appears probable 
that when a hydrogen ion strikes against a molecule of water, the 
latter in some' cases undergoes- dissociation. The hydrogen' ion thus 
produced carries away the electric charge, by convection, whilst the, 
hydroxyl ion of ' the 'water molecule combines with the impinging 
'■ hydrogen ion to generate a molecule- of water. ', The , conception of ''"' 
.the process .is similar 'to that imagined, by Gro'tthuss "to,' explain' the 
' ''phenomenon '.of 'electrolytic conduction.' ■ It. .may ' well ' be that ' the 
hydrogen, 'atom .of th'O water molecule, 'which is farthest from'' the 
point 'of impact, shoots off 'as a charged- pa.rticle, and 'if ..the process' 

-': of dissociation, and,, recombination is instantaneous, the electric 
,- charge appears.' to' \ be carried • instantaneously through a 

-' distance, ''pro,''portiG''nal tO' 'the diameter S of tho' water' molecule 
-.'Thus' '.at -each impact attended ' with dissociation ' a distance ' is 
-saved., where Zi, 'is,, always' a. fractional quantity. The result ,is that:/' 
the, 'hydrogen ion appears to .'move- with a velocity' much ..greafer' 
than ' its true characteristic velocity. How let 'ITh,"" be the'" real 
'Velocity 'of- the:, hydrogen: icm^b;';V::The.:total''humber^. of' ^-'im^ 

:: .water ' molecules per second where is the 
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Diiinl)er of -water molecules in a cm. and tli© diameter of tlie 
liydmgen ion. Tli© number of impacts attended witli dissociation 
is iTg . JTo . iT . TT . s-^d tbe distance saved per second = 

-E"! . ^ . JTg . ^ 2 . . -JT . at a constant temperature, 

since Kj, E'q, E’s, bave always tbe same value at constant 
temperature. 0 also' does not vary witb dilution if n and W do 
not vary. Kow in tbe case of dilute solutions, tb© number of 
solvent' molecules in a c.c. may always be regarded as constant, 
independent of concentration, without introducing much error. 
Since, according to the theory developed before, strong electrolytes 
are completely dissociated in dilute solutions, the number of 
hydrogen ions in a solution containing a gram -molecule is always 
constant. Whilst in the first process— the transference of electric 
charge by convection — only, the free hydrogen ions take part, this 
is not the case in the second process. Here it stands more to reason 
to assume that all the hydrogen ions are equally efficient, for, con- 
sidering that some of the hydrogen ions are stationary, there 
is nothi’^g to prevent their collision with water molecules, for the 
latter are always free to move. In fact, the inactive hydrogen ions 
are always capable of vibratory motion. The distance G saved per 
second is thus independent of dilution. 

Hence, for solutions of hydrochloric acid, on the basis that the 
activity-coefficient a at any dilution is the same as that of imi- 
valent binary salts, we get 

^1, — aCHii* 4“ 4- . . • • . » (^) 

# 

where ct is the activity-coefficient at dilution r, and (7x a constant 
independent of dilution, a can always he calculated from 
equation (1)»" 

„ Again, ■ ■ 

^U„. + U^, + C, . . . . . . ( 4 ) 

From equations (3) and (4), ■■ 

7T — ' ■“ (1 ““ 

Uhv — 

, , , i — a : ■ 

and' ^ 

' CrH.ydhe.real ionic '.mobility of the 'hydrogen ion, and {7^, . the. con- 
ductivity , . due ' to , the , second proc.ess, , ' can thus at once , he calculated 
from 'available 'data;':, 

; ■ Experimental :V 01 ^ firrriatdaTi- ■of. 'tJse': ah-me' Hppoihesis .' — ^The ex- 
' perimental .data' 'oU' the" conductivity ' of . aeids' must always ' yield,' the 
';sam"e value of and provided the acid is a strong electrolyte, 
expectation, been :';fully'’'r^^ Thus, \f,or„ a.' sdl.'ution:.,:'Of. 


• (5) 

• ( 6 ) 
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hyclro'cliloric acid at dilution 10 and ieniperatiiro |i,i; = 39.0’4-, 
jA Qc “ 4 26, U =75*8, and , a = 0* 844 , whence U ^ * = 1 5 2 * 4 and 
197*8. 

, AgaiiiJ for solutions of nitric acid, at dilution' 10, the available 
data give- for ' 7-^ ip 151*3 and 198*8 for 'C7j (Noyes and F'alk, loc. 
eit.). 'The values of and .Cj 'obtained from the data on the 
conductivity of hydrochloric 'and nitric. acids therefore agree within 
1 per cent. W© may take 152 .as the mean value of U h* and 198*5 
as that of Gj, . The real mobility of hydrogen ion is therefore of 
the same, order of magnitude as those of the other ions. , The second 
■process is thus responsible f.or the transference of abO'Ut half the 
'electric current in acid solutions. ' 

The values -of .17 jp , and C\ having once been determined, it is 
possible to calculate 'the molecular .conductivity of, any strong acid 
at' ^ny dilution, from eq'uation (3). . Tables III and IV show how' 
the, calculated', values agree with. the. observed ones.' ■ 

■ In table IITj. the, obs'erved values are taken from the' work of 
.Noyos and 'Falk .(fo'c,. cit,), whilst the data in table IV are obtained 
f|:,pm'a'pap'er by' Wegs'cheider and'Luz'(x¥onu^s/i., 1909, 30, 436). 


Table III.. 



., F=, 

20. 

100, 

500. 

1000. 

2000. 

:HCI - 

f pi^ calc., 
obs. 

397- 6 

398- 4 

408-9 

410-5 

416-5 

418*5 

418*4 

420’4 


HNOs,''.'..... 

/ .calc. 
lju,„ obs.,, 

393-1 

393-3 

404-5 

406-0 

411-0 

413-0 

~ - 

416*0 

417*0 



Table IV. 






100. 

400. 


111,.' '' 

1600. 

.3SraphthaleB6-j8- 

j fiv calc. ■ 

637-2 

"' 372-4 


3'7r>-,3' - 

'376'*,3',' 

, st 2 lphomc,.acid .... 

. obs. 

367-4 

374-9 


376-9- 

-■3,77*4 

, 'Toluene-p- ' 

f/t-i, calc. : 

369'9 

375-0 


'37'7-6 "'' ■ . ■ 

"37'S*'5 

, ■ sulphonic aci.d. . . . . 

. { ^ 4 , obs. 

368*4 

'\' ' ' 375'*3 


-378*2, ' , 

37'9*:0 

Th,©' agreement 

i' between 

' the. .pbse'rv.e.d ' 'and 'calculated 

values' 


■■■ a'l ways'. ,w,ithin 0*5 per cent.,'- ■ ■; 

The' real values, ot' Vo h 7 and f7,i 'for. bases can also , he obtained i'U 
the'eame'-.'way. .vThus,' at "diluti'o'n'' 10, "'Pt,'. lor po'tassium- hydroxide 
is. , 213-,; ■ -/i-ce .'.is' ,,240;*2. "■ 'From^ 'these" data', .the value' 'Of ■Vo.b^ is ,109' 
and of G-i for "bases 66.,,' "Table V .'shows how exactly the obs'Crved 
values of the molecular .conductivity of potassium hydroxide agree 
,with.,th,os,6 calculated'', from''' .equation ''(3) 
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Table Y. 


KOH.. 


f /Xj, ealc. 
{ixy obs. 


20 . 

218*4 

219*0 


50 

224*0 

225*0 


100 . 

227*1 

228*0 


500. 

232*5 

233*0 


Arrhenius has already suggested “ that the exceptionally great 
conductivity of these ions (H* and OH^) in water is probably due^ 
^only to the fact that they are the two ions into which water is 
electrolytically decomposed’' (“Theories of Solution/’ p. 138), In 
the foregoing pages, an attempt has been made to develop a quanti- 
tative explanation of the abnormal mobility of , hydrogen and 
hydroxyl ions by assuming that an electric charge ' can be trans- 
ferred almost instantaneously through water molecules during 
impact with these ions by the converse processes ol dissociation and 
recombination taking place alternately. 

A General Mypotliesu for all Electrolytes.---T}ie^ electrolytes can 
be classified into three groups, naineiy, (1) consisting of strong' 
electrolytes, (2) containing acids of intermediate- strength, “ transi- 
tion eiectrolytes,” and (3) consisting of weak acids and bases where 
Ostwald’s dilution law holds good. 

For the first group w© have the following empirical laws : 


= jtxo: - a yO (Kohh'atisch, P%s. Ohm., 1885, [iii], 


26, 161), 




.and;: 

i=s 2'- (Noyes and Falk, J. Amer, Ghm* ■■ Soo., ' 

, 1910, 32, 101) . . . V '(8)," 

Equation (1) becomes identical with iKohlrausch’s empirical law 
in the case , of dilute solutions where is, only slightly less ■ than 
/x. 3 ^ . Thus, equation (1) may he put in the form 

£ = log«^- 

V r 

OT' : 


KljG ' 


I .A A 


( 9 ) 


or 


,(i ■*-*^, jl, >■ yo) =ss„ . 

■Agaih,;''lli©)activitytebefihjieM' A V 

■ , . :, ' ' 

Ndyes and Falk’s eni|}iri<}al Ik-w can easily be derived by apiJiy*- 



796 GHOSH: THE ELEOTBIOAL COK-BHCiTIVlTY OE 

ing Clausiuses virial tlieurem to salt solutions.' It lias already beeii 
showii tliat 


t = 7. I (11) 

I f^v ) 

^n-^ln.K.UC 

= 2 - Z?^/6', for binary salts where n^2. 


Whilst the strong electrolytes of group 1 belong to' the limiting 
casOj we have, for the other two groups, as in Arrhenius’s original 
theory, both undissociated molecules and ions in solution. The law 
of mass action in its original form is, however, not applicable to 
electrically charged bodies. It requires modification in the sens© 
that only the free ions take part in the equilibrium. It is only 
the fraction of the total number of ions which, by virtue of their 
kinetic energy, can overcome the force of electrostatic attraction,, 
that really matter. They only are free to move, and hence have 
the chance of colliding with one another. From the kinetic point 
of view, therefore, only these free ions are to be taken into con- 
sideration in applying the law of mass action to the process of 
electolytic dissociation. Thus, if u; is the fraction of a gram-mole- 
cule of acid, which has undergone dissociation into ions, the law of 
mass action is not expressed by the equation 


but by the equation 




(l-x}V 




(ax)^ 

(l^x)V ^ 


( 12 ) 


where:';' a", is the , ' activity-coefficient -at ’■the, ioiiio\:cohc6Utration;'5^^ 


:Now,: , a for,, any dilution' can- .be. calculated, :from equation",: (1)'. or 
,',(10),. In.'th©^ case '.of- -weak 'acids /belonging -to .the- third group,." A 

■ is (generally . very .small.- ^ , becom.es-.' .always. , ne-gligibly small, and 


'Een'c© ■ a,' : .is very .nearly 'equal, to.: one at all dilutions. For very 
weak acids, therefore, -equation (12) becomes identical with Ostwald’s 
dilution law, 

A Bilntim \ Formula, for Transition "'Mectrolytes, — Her© -the 
-' activity-Goeffi-cient':;,a is ■ .not • always- equ-aTto :on-e, and^ the - equation, ' 


(l-a?)T 



::inpst;:.be. applied:, a.s-': such'. developed 'before, 
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til© equivalent conductivity of an acid of interinediate strengtli may 
he equated thus: 

/xy = :z:. 19S-5 + ai^’(f7H. + O'^nion) » « - . (13) 

■where a; is the gram-equivalent of total hydrogen ion and' —152 
at 25^, or 

/xy . 198*5 -I- (1 -KyG)x + CT’^niou) equation (10) 

= ^(1 98 J a; . ( C7„. ^ 

X 

or since c = 

V 


“ ^ • P'CC "^Jy' ^Anion)* 

The equation contains only one unknown quantity, and hence 
it admits of a solution. The real value of x can, however, be easily 
obtained with great accuracy by the method of successive approxim- 
ation. X having thus been determined, it is easy to calculate a 

at concentration Hence all the factors for verifying the 

equation 

(l--x)V 

can be had from the conductivity data. In tables VI, VII, YIII, 
and IX four acids have been chosen in the order of increasing 
strength to illustrate the validity of the above equation. The 
values of molecular conductivity have been taken from the very 
accurate wvork of Kendall (loc, cit). According to this author, M 
for the hydrogen ion at 25° is 347, whilst the value obtained by 
Noyes and Falk as the 'mean of the. data given by . various workers 
is 350. In the following tables, the latter value has been accepted 
as true. , 


Table VI. 

G^/anoucetic Acid, ~ 389*1 at 25°. 


K'"" 

p.,, „ 


■ , a.' 

.■JC 


88*0 

0*2370 

0-9158 

0-00366 


. 117*0: ■ 

0*3120 

0-9260 

' 0-00361' 

'.■67*28'. 

1.63-5' . ■ 

0*4060 

0*9362 

. 0*00368 

M4*'6'6. 

198*0 

0*6126 

■■ ■ '0*9442 , ■ 

'■ , '0'-0036.7" 

269*10. ■ 

238*7' : ■ 

0*6283 

.' ■ . 0*'9624'' ■ 

■" ' '. O.-OO'BdS: 

■53S-20,,:" 

.282*6 

0-7409 

'0*9606 

0-00363: 

1.076*40 .'. 

320*0 

0-8361 

'■■.■.0*9673 ' 

0*00368 
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Table VII. 


o-NitrohemoiG Acid^ =382‘2 at 25°. 


V. 

fJL})* 

X, 

ffi. 

K. 

32*0 

139*7 

0*3810 

0*9204 

0*00621 

64*0 

179*0 

0-4854 

0*9310 

0*00620 

128-0 

221-9 

0-5984 

0-9407 

0-00617 

256-0 

265-0 

0-7106 

0*9497 

0*00616 

512*0 

303-6 

0-8108 

0*9588 

0*00622 

1024*0 

333-5 

0*8861 

0*9664 

0*00627 


Table VIII. 


DicMoroacetic 

Acid, jjL^ 

= 388*6 at 

25.°. 

F. 


a;. 

a. 

K, 

16*0 

231-4. 

0*6337 

0*8835 

. 0'*0535 

32-0 

278*2 

0-7400 

0-9009 

0h534 

64-0 ■ 

.309*8 

0-8318 

• . ■0*9174 ' 

0-0640 

1.28*0 

338*7 

0-9020 

0*9319 

0*0650 



Table IK. 



, ' 

ichtorohictp' 

ic Ac'id. 

= 379-0 at 26°. 

'F. ■ 


X, 

a. 

ii. 

23*6 ^ 

308-8 

0-8616 

0-8861 

0*1783" 

47*2 

331-7 

0-9149 

0-9068 

0*1720 

, .77*26 

343*9 

0-9434 

0*9195 

0*1720 

108*0 

350*4 

0-9566 

0*9273 

0*1800 


A fc^mpaiiso-ii of tho litimbers-in coliiiiln fivo/at oiice that 

f Of" each acid a co-nstant valtio of. "A is . obtained. ' 'The degree, ol 
dissociation in the case of cyaiioacetic acid has been varied from 
0-23 to 0*83, blit the equation holds good exactly throughout this 
iiitervaL; ■ 

The ap 2 )licability of the fomula has also been demonstrated for 
the entire range of transition electrolytes, beginning with cyano- 
acetic acid, which borders on the type of electrolytes included in 
the third group, and ending with trichlorobutyrio acid, the strength 
of which is comparable with that of mineral acids. 

Summary, 

The abnormally high mobililjr of the hydrogen and hydroxyl 
''\ions'''ih;:;.i,qdOous'/^'s^^^ 'has,'...B0eh expla.ined ,on the dssuinption 

v'that electricity is partly carried, by the ordinary process 'Of convec- 
tion aiid partly propagated thrdiigh water moleoules ‘tiiidergoing 
■.;alt©rnatfe:''4issocxa'tion; ,and''’'r^ . .The -apparently:' .high,,- 

activity-coefficients of strong acids and bases in aqueous solutions 
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lias also been traced to this cause. A modified Qstwald equation ^ 
- K , based on the consideration that only free ions have 

the capacity of regenerating undissoeiated molecules^ has been,' 
developed for v/eaker electrolytesj where the degree of dissociation 
is less than one. It has been shown that this equation becomes 
identical with Ostwald^s dilution law in the case of very weak 
electrolytes where a is alvrays very nearly equal to^ one, and also 
gives very concordant values for the equilibrium constant in tli,6 
case of “transition electrolytes'’ wdiere Ostwald’s equation' is' n'ot 
applicable. ' 

HHYSIC0-CHEMIGAI4 Laboeatory, 

University College oe Science, 

Calotcttta. [ Eec 6 wedi August lOilh 1^18.] 


LXX . — The Freezing Point Gnrve of Mixtures . ' of 
Tolimne-o- and -^-sidplionamides. OorripositiQn- .of 
Mixtures of Toluene-o- obnd -‘-^-sulphonic Acid^M,. ,' 
By Phyllis' Violet McICie. ^ 

An accurate method of estimating the relative amounts of 
toluene-o- and -^^sulphonic acids in a mixture pf tl|e twO' acids can 
be based on ■ the fusion curve of 'mixtures of the .corresponding 
amides, ' 

The' composition , of these acid' 'mixtures lias' /.prpyipiisly , beeU' 
investigated by, Uplleman (Ber., 1911,. 3504), . 'by deterixiining 

the free^iiug points of mixtures.- of th.e . sulphonyl -chlarid®®. 

'..from' them. ' In this case, ..toluene*m-su|pbenic acid .was ..also, 
generally , present ip, small pfoppriion'. . , .The 'freezing ■ points of ■ |he 
o- and y?-chlorides lie on a simple but rather flai^ putectip curve. 
The eutectic point is not well defined, nor- hgs it been directly 
'determined by.- Ho-li-em'an. .'-'From-' his ' fi'gures, . it would appe-ar that 
this point lies in the neighbourhood of P, and that the eutectic 
mixture contains from 15 to 20 per cent, of the ^-chloride. 

’The low of temperature over which many of the mixtures 

of the o~ and j[?-chlorides solidify (the ^chloride melts at 66*7^ and 
the O“chloride at 10*0°, Hplleman, Iqc. cit,), and the considerable 
manipulative difficulties encountered ip preparing the mixture of 
.chlorides iji p. ptp,te in which the fusion point can be observed (l&c, 
constitute pbJfotipnB th# use of this nmthod for the purpose 
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of determiniiig the compoflition of mixtures of th© toluene-o- an.d 
acids. 

These difficulties' are lessened or disappear if the roixture of 
crude acid chlorides is converted into amides, a transformatiGn 
which can be very simply and quantitatively carried out. More- 
over, it is necessary only to' dry the amide mixture before deter- 
mining th© fusion point, whereas the mixture of acid chlorides 
must finally be distilled under diminished pressure. The melting 
points of the mixtures of amides lie in a very convenienti range of 
temperature, namely, 110 — 156^, and, as will be seen from the 
curve, the eutectic point is extremely sharply defined. The eutectic 
mixture contains 61*25 per cent, of the ;?>sulphon amide, and melts 
at 110*25®, ■ 

Preparation of Materials . — ^The toluenesulphoiiic acid, or mixture 
of acids, is converted into the sulphonyl chloride by treatment with 
phosphorus pentachloride and phosphoryl chloride (Polak, Pec. 
trav. cMm., 1910, 29, 416; compare Holleman, loc. and th© 
sulphonyl chlorides are extracted with ether from the product of 
the reaction after it has been treated with ice. After some of the 
ether has been evaporated, solid ammonium carbonate, and finally 
some alcoholic ammonia, is added, the mixture being gently warmed 
by placing it at intervals on a water-bath. The reaction is known 
to be complete when the very penetrating odour of th© sulphonyl 
chloride iias disappeared. The conversion may also he conveniently 
effected by grinding the mixture in a mortar. 

The product of amidation, after the evaporation of solvents, is 
extracted with as little cold water as possible to remove ammonium 
salts, and then dried at 100® to-expeh the water of crystallisation 
of the j?-amide. 

The |?-amide separates from aqueous solution with two moleculea 
of water. The dihydrate melts, if heated, rapidly, at 105®, but is ', 
best rendered anhydrous by drying at 100®: 

' ■;0*1730: when 'dried, at 100— 110®.;, for ^ tw,o , hours,, "lost 0*0282. 

" ■■vS20,=16*3/ I 

, C 7 H” 902 HS',' 2 H 20 requires H20'='17*3 per cent. 

,Both.'th© ,o- ,and '^J-amides ,. can ■ be purified' and almost completely', 
freed "from , the is'omeride by careful crystallisation from water, 
Mnal.'.purifi.c'ation;,was ''effect^^ by sublimation, in ' the vacuum ■ O'f a' 
Topler '.pump, ':':wMch';ra,ised'hhe'meltin'g. point by a „few'teiiths ,of a 
degree. , ResublHaation, of material which had ' been thus,' treated 
produced'' no 'further,:: change.', 

The melting point of toluene-p-sidphonamide' is. given' As , ■■l3'7,®'''■'^ 
(Kl^feon and Vallin, Ber., 1873, 12 ,. 1853), and that' of 'toluene^o- 
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sulplionamide as 153 — 154° (Wolkow, Zeitsch, fur Ghem.^ 1870;, 
327) and 155° (Noyes^ Amer, Ghem. 1886;, 8^ 176). After sub- 
limation in a vacuum., tb© latter melts at 156* 3° and tbe former 
at 137-45° 

Determination of the Fusion Points. — Holleman recommends a 
special form of beating-bath (Joe. cit,), by means of which stirring 
is avoided. In the present work, the following arrangement was 
employed : The heating-bath is a beaker containing clear, colour- 
less glycerol, and is fitted with a stirrer. Th© material is placed 
in a small tube, fitted with a thermometer reading to 0T° and a 
stirrer. This tube is enclosed in a larger tub©, so that an air- 
space prevents direct contact with the glycerol. Sufficient material 
is taken to ensure that th© bulb of the thermometer is completely 
covered by the molten mass. With the thermometer and the tube 
which were used, 0*5 — 1*5 grams were required. Th© whole 
apparatus was carefully screened from draughts. 

The heat was supplied by a small hooded gas-jet, regulated by 
a screw clip compressing th© rubber tubing. No difficulty was 
experienced in keeping the temperature of th© bath constant over 
considerable periods. When determining a melting point, th© 
temperature of the bath was raised to within a degree or so of 
the expected fusion point before introducing the Jacketed tube con- 
taining the material. Prolonged heating and sublimation were 
thus avoided. The inner tube with its fittings— thermometer and 
stirrer — and containing the material, was weighed before and after 
a determination in order to check any loss through sublimation. 
The maximum loss observed in any case amounted only to 0*0004 
gram on a total weight — tube, thermometer, material, etc.— of 
10 grams. 

The temperature of the bath is gradually raised , until incipient 
fusion is observed. At no time was the temperature of the heat- 
ing-bath more than 1° above that registered by the thermometer 
in the material. The melting-, point- is taken' as- the te-mperatdr©' 
at which the material liquefies,. -save for one or two crystals. , On 
maintaining, the thermometer-' steady for ten to fifteen minutes,, the, 
crystals should not disappear. On raising the temperature 0'1°, 
.they 'should 'melt. , 

In "thena'se of : the, pure substances, 'the variation -of the' thermo--' 
meter ..from the point, of ' incipient fusion to complete melting did 
not extend' 'to 'more than' 0‘5°. 

fraction of the sublimate 

pbMined; by ' sublimation in 'vacuum.- - ' 

^ (1 J, - Tncipient-',"f usion,:.' l-37°',j;,i.:-'bath,-'':l 38° l-br - -ten; ''minuteA^ 
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one crysM melted, 137'40®; bath, 138° for fonrteeii minuter. Last 
cirystal ipelted, 137*5°- 

(2) Tb© teiftperatuipe' 'was kept at 137 *45° for five toimites * all 
but one crystal melted, , This melted on raising' the temperature 
to' 137 * 5 °, bath 138°. The melting point of toliiene-p-sulphom 
amide, is therefore taken as 137;45°. 



■ T'olu§ne-<i-BnlfMimm ■■crpd,©-.. material has. an ■ average 

melting point of 148 — 152°, One recrystallisation from water riises 
the melting point to 154 — 155° On fimther recrystallisatiom the 
melting point is raised tq 156°, ' ..:Mate^ial which had been, 

Used from'.' water ^was'..' sublimed.: '.in. ; a' ..vaciuinu .'A.^ 'in the ".'foriner 
.case, all .but...th'©''middi.e..iraptipp 

(1) Incipient fusion, 186;!°; bath, 157° for ten minutes. All 
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but Q'lie crystal melted, 156*3^* bath, for ten minutes. Last' 
crystal melted^ 5.56*4^. 

(2) Tlie external temperature was maintained at 156*7^ for 
twenty minutes, the temperature of the inner thermometer register- 
ing' 15 6 '3^. A trace of solid remained, ■ which melted on raising 
the, temperature to 156-4^. The melting point of toluene^o- 
sulphonamide is therefore taken as 156*3^^. 

'Plotting of the Curve , — The melting point of a weighed portion 
of one of the components was determined. Successive weighed por- 
tions of the other pure component were then added, and the melt- 
ing point was determined .for. each mixture. The curve, was 
followed, starting from both the pizre ortho- and thc' pure para- 
oompoiiiid. When the curve had been plotted in this way, single 
points on it were determined, separate mixtures being made up for 
each determination. 


0 -Amide. 

Gram, 

p-Amide. 

Gram. 

p-Amid©. 
Per cent. 

Meltingpoint. 

04241 

0 

0 

156*3^ 

04241 

0*0709 

17-96 

145*5 

0*3958 

0*1381 

26*87 

139*7 

0*3235 . 

0*1787 

36-58 

133*6 

0*3958 

0*2698 

40*54 

130-3 

0*3235 

0*2839 

46*74 

' 124*0 

0*3958 

0*4020 

60*39 

120*8 

0*2478 

0*3267 

■56*87 

114*1 , 

0*3958 : 

0*6230 

6M5 

110.4 , ' 

0*3958 

0*8200 

67*45 

115*9 

. 0*1212 

0*5752 ' 

82*69 

126*8 

0*2839 

0*0 

100*0 

137*45 


I wish to express my thanks to Professor Orton, ■ at' whose s.ugges- 
tion-and under whose direction this work has been carried out, for 
his guidance' and, criticism., 

OHEBp:oAn pnrABTMEHrk. ■ , 

Univebsity ConuBan oe 'Wax.es,-' ' 

Banoob, ' [ Bec&imdf Augiisi : 


ljX,^L—The Oompound its 

7 ''Py: BaMES 

In a previous communication (T., 1914, 105, 2162), it was shown 
that the so-called amorphous boron, prepared by the reduction of 
boron", trioxide by .m^eans- of'':'niagnesium, probably consisted of a 
solid solution of a lower <^id© of boron, sometimes in combination 
with'O'''.:IittIe;V;ih'lgh#iuih:;'''<^d0,;;';:m'-ele^^ 
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really tlie case^ it appeared probable that tb© soluble part of tbe 
fusion would contain so^m© of tb© lower oxide, together with, excess 
of boron trioxide, and tbe present investigation was undertaken 
witb a view to detect and isolate tb©' lower oxide. 

Tb© fusion obtained by beating a . mixture of boron trioxide 
witb magnesiimi powder generally . contains magnesium boride, 
amorphous boron (so-called), magnesium oxide, partly in combina- 
tion witb boron trioxide, and, as will be shown later, tb© lower 
oxide or oxides of boron. If tbe operation is carried out under 
conditions which will now be described, tbe quantity of, magnesimii 
boride in tbe mixture is very small, although it cannot be altogether 
eliminated. 

A mixture of 1 part of magnesium powder and 3*5 parts of 
anhydrous boron trioxide, finely powdered and passed through a 
120-mesh sieve, was heated in a covered magnesia-lined crubible, 
through which a current of hydrogen was passed, to a bright red 
heat for about three hours. After cooling in an atmosphere of 
hydrogen, the mass was powdered, and mixed with half its weight 
of anhydrous boron trioxide. The mixture was then heated again 
as before. The fused mass was powdered, water was added to it, 
and it was allowed to remain for from one to three days, to allow 
of the decomposition of traces of magnesium boride. 

1%© solution was filtered, and the boric acid removed by 
the method employed by Travers, Eay, and Gn-pU. {Pamphlet y 
H. K. Lewis and Co., 1916), which consisted in shaking the solu- 
tion in a vacuuiiL for several days with precipitated magnesium 
hydroxide, and removing the excess of the latter, together with 
the insoluble magnesium metaborate, by filtration In analysing 
the solutions, advantage was also taken of the fact, discovered by 
Travers, Bay, and Gupta A), that when solutions the 

lower oxides of boron are evaporated with excess of lime and the 
residue ignited lo constant weight, oxidation does not take place 
and the increase in the weight of the lime corresponds with the 
weight of the lower oxide in the solution. For the purpose of 
.analysis, .'three equal' quantities of 'the solution were treated as 
.folIOWS'Z'^ ", 

(a)' The magnesium;' was ' precipitated in^ the' usual manner', and 
the result', ' expressed as the oxide 'MgO. ''■ 

(5) The solution was introduced into a platinum crucible con- 
taining lime, ignited to constant weight, and, after eyaporation to 
dryness, the crucible was again ignited to constant weight, the 
increase in weight giving the weight', of the magnesium, oxide" and' , ' 
of the lower 'Qs:ide,:',pf;:b'orGn,;:to|eih'er'-wi^^^ 
of boric acid ''left 'in' th'A'sdlhtioA^^^^ 
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(c) The third portio'ii of the solution was evaporated to dryness 
in a vacunm and the residue heated in a sealed bulb with con- 
centrated nitric acid. The bulb became filled with red fumes, and 
the lower oxide of boron was oxidised to boron trioxide. The bulb 
was then ' opened, the excess of nitric acid removed by evaporation 
in a vacuum desiccator over solid sodium hydroxide, and the horic 
acid determined hy the lime method. 

The following are the results of the experiments : 


MgO per 100 c.c. of 

solution.. 

Besidne less MgO per 

. 100 o.c, ........ ... 

BgOg from residue per 
100 c.e. 


MgO in gram-mols. per 

100 C.C 

B in gram-atoms per 

100 c.c 

Ratio B/Mg 

B.03 i 

(Residue less MgO) J * * ‘ 


I. 

Tl. 

in. 

IV. 

V. 

0-0980 

0*1156 

0-1248 

0-0876 

0-160,8 

0-3048 

0-3584 

0-3896 

0-2726 

0-5012_ 

0-3452 

0-4036 

. 0-4324 

0-3048 

0-6664- 

0-0024 

0-0029 

0-0031 

0-0022 

0-0040 

0-0099 

4-1 

0-0115 

3-9 

0-0123 

4-1 

0-0087 

3-9 

0-0161 

4-0 

M32 

1-126 

Mi2 

1-118 

1-130, 


It is clear that the ratio B/Mg is very near 4, and that the 
mean value of the ratio B203/(Eesidue less MgO), which is 1T24, 
closely approximates to the value of the ratio 2B20g/B405, which 
is IT 29. The analytical results ap|>ear, therefore, to suggest that 
the solution contains a magnesium borite, the formula of which 
may he written Mg0,B405. The oxide B4O5 has already been 
described hy Travers, Bay, and Oupta (Joe. cit.). 

Each of the solutions used in these experiments was obtained 
from the treatment of a different fusion, and it was possible, there- 
fore, although hardly probable, that the constancy of their com- 
position might be attributable to the fact that the conditions in 
each case were similar. The third preparation was therefore treated 
with water four times, . and ■ the extracts , were investigated 
separately. The results of- the, analysis of the first,' extract have 
■already been given; those of the remaining' extracts are tabulated, 
■below':. 


MgO 'per TOO e.c. : 

Residue less MgO per 100 c.e. 
.BaOs from residue per 100 o.c. 
MgO,' ui'gram-mols. 

" B ' ,m' gr€tm -atoms , * . . . . . 

Ration ByMg"' ' 

. ■ 

(Residue less MgO)' 


III, a. 
0-0060 
0-2940 
0^3290 
0-0024 

0- OO04 
3-9 

1- 119 


III, &. 
0-0616 
0-1804 
0-1996 
0-0015 
0-0067 
; 3-8 

1*106 


III, €,' 
0-0412 
0-1212 

0- 1368, 
0 - 00,10 
,0*0039'' 
3-9,' 

1- 128::,': 


j^lthough :'',the solutions'' beeam^ ,and more dilute with each 

treatment of the fusion with ' water, their competition remained 
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practically constant j leaving no room for doubt that the coipipoiiiid 
MgO,B 405 ia really present in them. 

It has not been found possible to isolate the magnesium borite. 

The molecular ■weight of the compound can be determined with 
sufficient accuracy from th©' freezing points of the solutions. If 
the magnesium salt' ■were completely dissociated, the molecular 
weight of the corresponding oxide could be determined from the 
formula ■ . ' 

A=.18-5(TF/i¥+TF'/40), 

where IF is the weight, in 100 c.c. of the solution, of the oxicle 
of boron, M its molecular weight, and IF' the weight of the mag- 
nesium oxide present. Since, _ however, the compound is probably 
dissociated only to the extent of about 75 per cent., the result will 
be about 15 per cent, too high. ' 

, For the determination of the freezing points, measured quantities 
of the solutions, ' of which the analyses have already been given, 
ware evaporated to dryness in a vacuumv The residues we?© dis- 
solved in a measured quantity of water, and the freezing pointe 
were compared with th© freezing point of pure water. Th© follow- 
ing results were, obtained: ; 


L 


W ' 0*304:8 

W' 0*0980 

A 0*090 

121 - 

Ratio B^Og/MgO 1-0 ■, 


IL III. IV. V. 

0*3684 0*3896 0*2720 0*6012 

0*U^8 0-1248 0*0870 OdOOg 

0*106 0*116 0*082 0*148 

128 126 124 126 

0*96 i-o no l-O 


The values for ¥ agree sufficiently well with the theoretical 
value, 124, as calculated for the formula 

On addition of ammonia to the splution, the magnesium is almost 
completely precipitated as hydroxfde, and if the ammoniacal solu- 
tion is evaporated" , in a ' yaouum, ■•a.;- I'l^idu© is , Ipft; which consists 
mainly^of the, oxide. " As .Travers, Ray, and Gupta have shown 
(loc. ciL), the oxide is very unstable and is readily oxidised to 
bone acid. 

If a ^solution of the magnesium salt "is treated with potassium 
hydroxide in equivalent proportions, , and afterwards evaporated 
in a vacuum to smell bulk, practically , the whole of the magnesium 
separates as hydroxide and can be filtered .off. On, further con-' 
centration of the solution,', in a', vacuum, "the potassium., salt separates' 
as a crust whicli can be redissolved, and the salt purified by crystal-' 
lisatxon five or six times, and finally dried in a ■ vacuum , 'at,, 80— 90^. 
The preparation is a difficult one, apd altogether only 2 to 3 grams 
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of ike subsfcaiice, were fikaliy oktained. ‘Tke salt is stable in ike 
absence of moisture. 

The potassium 'was estimated by first dissolving tk© salt in watetj 
evaporating tke solution to' dryness in a platinum vessel^ and treat- 
ing' tke ■ residue tepeatddly witk kydrocklorio' a'cid and metkyi 
alcokoL Tke potassium ckloride was finally converted ' into 
sulpkate. For tke estimation of boric acid, tke solution was 
saturated witk' carboii dioxide and boiled under a re dux condenser 
ik a eiirreiit of pure air. Tke boric acid was titrated witk JV/20~ 
alkali ' iU' tke pr-eseiic© ' of. mannitol, using pkenolpkikalean as 
indicator : 

' 1. 0-5036 gave 0*3987 and 0-3142 K = 35-6; 

B = 19-6. 

II. ■'0*2286 gave 0-1821 K 2^04 and 0-1433 B.O 3 . .K-SS*?; 

B=^19-7. 

III. 0-3678 gave 0*2889 £ 2^04 and 0*2318 B,Os. K = 35-2; 

B,= 19-8. 

El 2 B 40 ^ requires K=35*8; B = 20*2 per cent. , 

Tke analyses are concordant, and tke results in agreement 
with tke values corresponding with tke formula El 2 B 40 g, wkick 
may tkeref or eke accepted as correct. 

Tke molecular weight of tke substance was determined by tho 
cryoscopic method, using 20 grams of solvent: 

0-0435 gave A«= -0*052. M.W. = 78. 

. 0*0874 „ A«-0*G97. M.W.=84. 

Tke value of the molecular weight calculated for the formula 
K 2 ® 4^6 is 218, and if tke ccdnpound were completely dissociated 
in solution, the apparent molecular weight would be 73. The con- 
centrations of tke two solutions correspond witk 1 gram-equivalent 
in 100 and 50 litres respectively, and if the salt is ionised to the 
same extent as similar potassium, salts, . the' degree of; ionisation in 
the two solutions will be approximately 0*9 and 0-8. Without 
going further into' tke matter, it is ■ obvious, that, within tk© limits 
of experimental error, the result proves that tke substance in solu- 
,tion 'has: tk© formula ',K 2 B 40 g, and not,' 'the;' formula;, EBg'O^,' wkiali' ,, 
would, /dissociat©^ ions... '.'and;' giyo^' an' apparent' ,, 'molecular^ 

:WMgl^;;#f ^ ;appr 0 xm.atel^^ SO*!;;.,;.':,, 

Tke existence of tk© anhydrous salt, K, 2 B 4 O 0 , of tke acid H^B 4 O 0 
„■ is;; of interest, as it go-es to confirm tke views put forward by 
'.Travers, Bay, and Gupta (lae- as to tk© constitution of tke 
borokydrates containing four atoms of boron* If tk© boron atoms 
in these compounds are linked in a single chain, tke oxide, B 40 @, 
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whicli can foe ofotained by beating tbenr, must bo given tbe formula 
BO.BO'’BO..I>0^ and tbe corresponding acid tbo foriimla 

^ bo(OH):bo-bo:bo(OH). 

Tbe results do not offer any positive evidence tbaf’tlie so-called 
ainorplions' boron is a solid solution of the oxide B^Of; in elementary 
boron, particularly as Travers, Ray, and Gupta have found indica- 
tions of tbe existence of tbe oxide BgO, which is quite insoluble in 
water, and may be tbe o^xide that is present in tbe solid solution. 
Tbe research has, however, led to tbe discovery of a new series 
of compounds, tbe acid, H2B40^, and its salts, and tbe results serve 
to extend our knowledge of tb© more complex compounds of boron. 

In conclusion, I desire to thank Br. M. W. Travers, at 

whose suggestion tbe research was undertaken, for the valuable 
help which I have always received from him. 

OhemioaXt Labohatoby, 

BaTXA ConLEGE, 

Baxkxpoeb, India. [Seceded, 13«^, 1918.] 


LXXIL— ITie Hydrates and Alcoholate of Calcium 

Benzoate. 

/r By Feedebiok; Stanbbidge.: ; ' ^ 

The investigations recorded in this paper were suggested by a 
chance observation by Dr. C. F. Baker of the action of aleobol on 
calcium benzoate. This salt, in its usual form; is a crystalline 
tribydrate having' the; formula Ga(G6H5*C02)2,BH2b. ' W 
on^ the water-bath, it loses-part-^ of its-.'water, "and " it was noticed 
that when this partly dehydrated substance was covered with 
alcohol, a distinct change in appearance took place, the substance 
becoming ffocculent. 

Close examihation '.under the - m the action of alcohol 

•on the trihydrate showed the presence, a' minute after adding, the 
alcohol, of nuclei on each crystah from which, as centres, bundles 
of new, needle-shaped crystals grew with great rapidity. Similar 
results were 'obtained , in , tests made- under the microscope' oU' the 
completely', dehydra ted salt,- obtained-'by, heating' the trihydrate in 
an air-oven, ,' in 'Which the,: original .ciystallin© shape ; was .retained: ,' 
in spit© of the loss of wa^ter,' 
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These ohservatio-ns pomt to the formation of a compound of 
calcium benzoate and alcohol, formed from the anhydrous sub- 
stance by the simple addition of alcohol, and from the triliydrate 
by the substitution of alcohol for the water of ci’ystallisation. This 
compound, was prepared and analysed. 

The calcium benzoate was prepared specially from, pure benzoic 
acid and pure precipitated calcium carbonate by the usual method. 
The average yield of the trihydrate from 40 grams of benzoic acid 
was: first crop, 34 grams y second crop, 11 grams; third crop, 
4 grams, a total of 49 grams, representing 89 per cent, of the 
theoretical yield, which is 55 -I grams. The purity of the salt was 
checked by estimations of the water and of the calcium. (Found: 
H20 = 15'80, 15-74; Ca = 14-15, 14-12. Calc.: HgO^lfi-OB; 

Ca = 14-21 per cent.) ' 

The new compound was prepared by first dehydrating 10 grams 
of the trihydrate in the air-oven at about 150°, allowing* to cool, 
and then adding 30 c.c. of alcohol specially dried by distillation 
from quicklime. The mixture became warm and set to a soft 
mass. It was allowed to remain for a day, being stirred a few 
times to break up lumps. The excess of alcohol was removed by 
filtration, and the solid product pressed between filter-paper: 

ter drying in the air, analysis showed that the substance had 
reverted almost completely to the trihydrate. (Found: H20 = 
15*99 per cent.) In order to ensure drying, and yet to prevent 
the elimination of combined alcohol, it was found satisfactory to 
place the product over a mixture of anhydrous calcium chloride 
and alcohol for four days. 

The dried material is a light, white powder having a strong 
odour of alcohol. Under the microscope, it was seen to' consist of 
very small, transparent needles which, on the addition of a drop 
of water, clotted together in semi-opaque masses, with needle- 
shaped crystals projecting from their, boundaries. ; On gently, heat- 
ing a small portion ■ of the substance in a test-tube, alcohol waS' 

' given off copiously, and this' condensed to liquid in the upper, 
cooler part' of the, tube. With sodium, carbonate and iodine"' solu- 
tions the substance gave the iodoform reaction for alcohol. 

In order to determine the exact proportions of alcohol and water 
'in, combination in the product, the matter ■ volatile up to 150° was 
■'•estiinated , by 'Combustion. A ' Sample 'was weighed "in a small 
U-tube, and', then this was, half immersed ,' in a' ■beaker of sulphuric 
acid provided: with a thermometer; and,. ..stirrer. The temperature 
of ''th©„bath. was 'raised , to '1'50°, while.- a stream, of pure and dry air 
'.was ipa-ssed;, through ' the.,, U -tube ''and 'thence., tteough.'.'a; combustion 
hubey filled, with'';''''G<>pp0r';:Oxide, and '."heated' in'.:;'a::;''.;iui!naee,..y 
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Water and carbon dioxide were absorbed and Weigbcd m ttsnal^ and 
from the WeigMs of these the -quantities of -water' and. alcohol in 
the sample were calculated. Analyses at intert'als gavO tbo follow- 
ing results^ after correction by .a, -blanit' experiment: ■ ' 


Time -after placing over calcium chloride . 

Water, 

Aleohci, 

and alcohol. 

per cent.. 

per cent. 

4 days 

0*51 

, 24*36 

8 „ 

0*11 

24-68 

7' « ' 

2-OS 

-24*4^ 



- — . - 

24--02 

494 „ — 

2-03 

21-61 

Ca(CgH^*COo).>,20.,HaO requires 

; 6 

24*61 


The' results leave no^ do-ubt that the substance is a dialcoholate 
of -calcium ' benzoate, having the fo^rmula Ca(C6Hr;C02)s7 2Cv2H(}0. 
Calcium- benzoate, thus shows a property which is shared, by a 
number .'of . other salts of calcium, of taking up alcohol to form an 
unstable,' additite compound., . 

The next - question,' that presented itself was, What happens when 
the . trihydrate is treated with alcohol? As alcohol is hygroscopic, 
it should extract water from the trihydrate, but whether a lower 
hydrate, the anhydrous salt, or the alcoholate is to be expected as 
the result cannot be stated without further investigation as to the 
compounds possible and the' conditions .under which these . are 
;'stable. 

Bough experiments, made by adding different mixtures of alcohol 
a,nd,':" Water ', to the trihydrate, to --ascertain, between, what limits, of 
comp-'osition,- action took, place at the ordinary tempergiture, showed 
that a mixture , containing 95 per, cent, of alcohol by volume,. had 
no actio-n, 'whilst one containing 97 per, -, -ce,nt acted ,rapidly.,-' . 

Attempts " to ■ determine by a. dil-atometer the ,, temperature. ,'»t 
which a 'given- mixture of -alcohol and water 'just begiM'fo ^act ,bn 
the trihydrate -met,, with, no -success, but,' using .-the theirmometric 
method. with the same mixture, of -alcohol and water ' 0*8-149,, 

corresponding with 92-'85 per cent. 'of-, alcohol 'by, w,eight), a marked 
change wa-d-, observed to ,take.„place''-at„''35'*5'^', the trihydrate being 
transformed into silky, oblong plates. ■■ After separating these a-nd 
drying them over a mixture of calcium .chlori-de and- -alcohol for 
one to two days^ analyses were carried out . in ,the same .way as in 
the case of the alcoholate : 

Found: B[20=^6‘4S, 6*42; O2H^O = 0. 

0a(C6H§*C0g)^,H20 requires HgO = 6*00 per- cent.--- 

The new substance is therefor© the monohydrate, forined ,- ftoin 
the trihydrate by the ©xtraetion of 2 molecules of water of crystal- 
liiition by the mixture til alcohol and Water. 
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Sine© another hydrate of, calcium benzoate besides the ordinary 
one had thus been found, it was decided to make a study of 
caicium benzoate by itself' to see 'wliat possible substances might 
be fo^rm-ed by tii© action of alcoliol on the triliydrat©., 

' 111 '.order to^ search for transition points, a dilatoiiieter was first 
used, containing trihydrate and anhydrous substance , and filled 
with amyl alco'hol in one set of esperiinents, and, containing tri- 
' hydrate and monoliydrate and filled with toluene in another set. 
Beyond slight evidence of a transition point below 90° in the 
second set of experiments, no very definite results were obtained'. 

The' measurement of. the sO'Iubility of the trihydrate at various 
temperatures was adopted finally as the best method. The 
apparatus used was similar to that described by Lumsden (T., 
1902, 81, 350), employing, however, a hot-air motor for stirring 
the thermostat tank, an electro-motor fox stirring the mixture of 
crystals and water, and a mercury thermo-regulator of the Ostwald 
pattern. A gas-pressure regulator . of the form A described by 
Stansfield (Trans. Faraday Soc., 1911 , 7 , 116 ) ivas employed, by 
which ; the temperature in the thermostat tank could be kept 
constant within 0*1° quite easily, even at the highest teinperature, 
97 °, ' at which the tank was ' used. After placing tli©,,, solubility 
apparatus in position in the tank, the 'mixtur© of ' crystals and 
water was stirred for periods varying from 4i toT2:| hours.' ..The 
mixture was then filtered into a receiver while the whole apparatus' 
was' still /immersed.. At first a small fiask was used as receiver, 
and from this ' about 10 c.c. of the solution were transferred to a 
weighed platinum crucible for analysis..". For determinations'' at 
80° and' upwards, the .fiask was' replaced by a .weighing bottle, into 
which, the solution was, filtered .directly in. order" to' obviate, as far 
as possible, loss of w,ater by. evaporation during'; the transference 
,of the hot solution, and, after w.eighing'., the solution w,as poured 
into a.„platmum' basin for analysis.'. This, apparatus and. procedure' 
sufficed,, for temperatures fmm about''' 20° up'to :97°.. '.For':10°, the-' 
tem.peratiire ' of the tank was a'd. justed".,, by passing a, stream of., ice- 
cold ..water, through th©; zig-zag. tube. "provided ' for .the purpose, .on. 
the b,ot.toin,',.of the, tank.. For"':0'^, .th'e s.am'e,"saturat'i,o,n, and filtration.,' 
', a'pparatu,s' was, imni'er'sed' '. in.,, clean,., cliopp'ed' '..".ic©'. , For determina- ^ 
tions,', .....at 'th.e boiling .point .of".. ..the ''.'saturated solution,, at ' fi'tst .the,.',, 
.■Beckmann ' ebulliosoopic _ 'appara'tus.'':./;..wa,s'. - employed.: ■ '.E’xcess''' of . the . 
powdered crystals was boiled 'With /''d.istilled water in th© apparatus,', 
.'for about three hours,, and the temperature and barometric height,'; 
were noted. , .Some of the solution was then drawn by suction into 
a weighing bottle through a tube to the lower end of which was 
attached a small glass bulb filled with cotton wool in order to 
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retain any solid, Tlie sample was wedglied , and transferred ' to> a 
platinum basin for analysis. Tbe boiling point of pure water was 
determined in tb© same apparatus under tli© same conditions, tli©' 
barometric Height being again noted. .iFroni; tbe latter obs-erva-, 
tion,. the correction to be added- to tlie observed temperature of 
tbe boiling solution to get tbe true temperature was obtained, and 
from this tb© elevation of tbe boiling point of tbe saturated solu- 
tion above tbat of pure water. ■ Later it was found simpler tO' boil 
excess of tli© powdered crystals with water in an ordinary boiling 
tube witb a layer of beads 'at tbe bottom and witb a sronll reflux 
condenser at tbe top, tbe barometric beiglit during tbe course of 
tb© experiment being noted. Tbe temperature of tbe boiling solu- 
tion. was obtained indirectly by adding to tb© boiling point of pure 
water " -at" tb© observed pressure, as given by tables, tb© mean eleva- 
tion : of ' tbe boiling , point by saturation witb tbe' crystals . as deter- 
mined -by tbe first experiments witb tbe- Beckmann apparatus. 

In all cases, in order to estimate tbe strength of tb© saturated 
solution, tbis was evaporated to dryness, tbe residue repeatedly 
treated witb concentrated sulpburic acid and ignited, and tbe 
calcium weighed as calcium sulphate. 

When 90^ was passed, results were obtained which appeared 
anomalous, but this was soon found to be due to tbe existence of 
a transition point between 80^ and 90^. Special care was taken 
in this interval of temperature, and tbe solubility was measured 
at about 83®, 85®, 87®, and 89®, whereby it wa.s ascertained . tbat 
tb© transition point is near 85®, and tbat tbe solubility curve above 
this temperature is distinct fro-m that below. It was possible to 
obtain points on tb© metastabl© portions of both curves near 85® 
■which -enabled' them to be -plotted, and t-berefo-re ' the transition 
point tO' be ascertained witb greater accuracy. Tb©-' cbang-e from 
the hydrate stable ' at ‘ the lower temp-e-ratures to thatetable at' the 
'.higher -temperatures is so sluggisb- at90® that three of tb©' ordinary 
'' solubility ' determinations, lasting for ..seven or eight -hours,, for 
;,wbicb:tb© mixture .of, .crystals -and water - was heated' to, 90®, but 
"'■not' above,: .gave points on- tbe.curve for' lower temperature.s. -For 
tb© same' -reason, .to get, tbe points for -85®, 87'®, 89®, -'91®, and 93® 
-.on ,-tbe curve for „ higher '■temperatures, ' it was found necessary to. 
'.beat the,' mixture to 98® before tbe period of 'saturation. To obtain 
results for 83® on the metastable portion of the curve for higher 
■:"tempera'tur-es,' it:;,, was .found- -satisfactury to' -mix ■ calcium ■ benzoate, 
completely dehydrated, ■with- -a- hot solution saturated,. at tb© boiling 
-point, .'and to' cut down tbe time of -..mixing and stirring, at 83®, to 
-::;:ab’Out,,,-two-bcmrs.' ^ 

All results which were not obviously untTUstwO'rtby 'are collected^. 
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in table I. Each was obtained from a separate complete experi- 
ment, unless indicated otherwise by brackets. The temperatures 
have been corrected, and are probably true to' 0*1°, The solubility 
is expressed as grains of anhydrous calcium benzoate per 100 grams 
of water. The hydrate that is in contact with the saturated solu- 
tion' is' denoted by the figure I for that stable at lower temperatures 
and II for that stable at higher tempei^atures. 


Table I. 


Tempei'a- 

tu',re. 

Solii- 

bility. 

Hydrate. 

Tempera- 

ture. 

Solu- 

bility, 

Hydrate, 

0*2° 

2*235 

I 


84*9® 

7*652 

II 

0-2 

2*229 

99 


87*0 

7*702 

39 

0*2 

2*2,32 



87*0 

7*705 


9*8 

2*454 



87-0 

7*718 

33 

9*8 

2*452 

9f 


$9-1 

7*832 

93 

19*9 

2-720 

39 


89-1 

7*870 

33 

19*9 

2*726 



89-1 

7*848 

93 

19*9 

2*722 

33 


89*1 

7*852 

93 

29*8 

3*016 

39 


90*3 

8*614 

I nietastable 

SO-1 

3*026 

39 


90*2 

8*529 

39 93 

89*71 

3-426 

99 


90*2 

8*523 

33 39 

39*7 f 

3*421 



9M 

8*040 

II 

39*7'' 

3*426 

39 


91*1 

7*949 

99 

49-7 ' 

4*070 

' ' 


9M 

8*026 


49*71 

4*032 



93*2 

8*237 

99 

49*7 / 

4*056 



93*1 

8*198 

99 

49-7 ' 

4*036 

99 


93*2 

8*087 

99 

59*8 

4-719 

99 


03*1 

8*095 

39 

59*8 

4*699 

99 


95*2 

8*349 

39 ■ . 

59*8' 

4-708 

39 


95*2 

8*371 

»9 

69*7 

5-630 

39 


96*2 

8*424 

39 

69*9' 

5*618 

33 


95*2 

8*371 

99 

69*7 

5*710 

39 


97-2 

8*450 

70*0 

6*769 

33 ■ 


97*2 

8*45,3 

9T 

70-0 

' 5*650 



97*2 

8*539 


.79*6 

6*857 

*3 


97*2 

, '8*513,' 


79*9 

6*865 


40 

1 100*2 

8*800 


82*9 

7*501 

II metastable 

1 

1 99*6 

. . 8*537 


82*9 

7-502 


s. 

"100*0 ' , 

,8*455 

»y ' , 

82*9 

7*518 

>> 

f 

99-4 

8*610 

33 

82*9 

7*52,8 


99-6 

, 8*766 

99 

S4*'9 

7*614 

,. 11 ' 

'o 

100-6 

8-880 

93 

.85*0 

7*563 



T00*4 

8*814 



'Many efforts, were made to. obtain.speeimens'of the 'solid 'hydrate 
stable, "in "' contact, with' sa’tprated-; s.oiution 'above; the transition 
'point. '' The first .method used was;: that .described by 'Lumsden (lac, 
ciL) 'a.pparatiis employed '.'being', similar to .'that figured by Mm. 
No 'results:' o,f any ' value 'were, obtained;, the solid, product was a 
fine'" , ' ' white' '' '. powder, and consequently ' 'retained , , ' ,'.a ' , considerable 
quantity ',, of 'saturated ''Solution,'.",, By' the secO'Ud method, two small 
..quantities .of.'.the :.trihydrate, ,;were;';i'eated;;^ separate' „small"'^'bu,lb'S, 
in' „ ''.communication,,'.,, .with ,'"One'' ''andther '' -'to'' ' tenap'e^ ^":,the" 
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transition point, but one somwiiat higher than the oilier, whereby 
the water in th©' saturated' solution formed in the first was made 
to distil gently o^ver into- th© second until no furthex' loss^ of weight 
of th© first bulb and contents could be detected. In two ©xperi™ 
ments of this kind there was a loss of 30*22 grams and 30*48 grams 
of . water per gram-molecule of th© trihydrat© in th© hotter bulb, 
suggesting the ' formation* of the monohydrate, for which th© loss 
of weight per gram-molecule of the trihydrate would be 3 6 , grams. 

It appeared desirable to complete the study of the equilibrium 
of solutions of calcium benzoate in water by * determining the 
freezing-point curve of solutions of various strengths. The 
measurements of the freezing points were carried out in ■ the usual 
manner with, the Beckmann apparatus. Th©' ■ experiments were 
made in two- series, in the first of which successive quantities of 
powdered trihydrate were ■ added ■ to a . given quantity of water in 
the' apparatus, , whereas in the .second A stock solution of calcium 
benzoate^ was made' slightly more concentrated than the solution 
saturated ' at ' and the .freezing" points of this and of solutions 
consisting of 80, 60, 40, and 20 c.c. of the stock solution diluted 
to 100 c.c. with water, were determined. The reBuits of the two 
series of experiments are given in table II. 

Table II. 


1st Series. , 

2nd Series. 






Grams of 
Oa(OA*COs), 

>©r. lO'O. -grams of 
.water. 

.Freezing point. 

Grams of 
CafCflHs-COob 
per 100 grams of 
water. 

Freezing-point. 

. 0.' 

QO 

0 


:. 0-309'8' " 

-OdOO 

0-4473 

.■.■'-0.-129''-.'' 

:.' 0Y680 ' ' 

-.0-220 . 

>0-8964 

-■-'-0-169 

b42I ' 

•™ 0-308 

1-347 


b.760 

0-3*70 

1-801 

. ,-.^''0--289' ' ■ 

, ■ ■ 

— ■ 

2-263. " ' 

: -'.--0-382 -.' 

... 

— 

3-470 

"." '.'-,'-0-369"" 


, The :Uiiean graphs for. .the .two- seta-' of ...determinations' do not 
coincide very nearly,..' but .'by 'taking, points 'midway b.etween ...the,m 
, 'along the ordinates, it is' possible'" to make,'„for "a'; given .quantity 
' ' of -calcium benzoate in solution, an approximation to. the freezing 
point: . correct..' to' .'.'about '0*01'.®*. .' . .■-.Th© .'..cryohydric . point., was about 

.,;':.'.:;;,:.;\'The.rBSults' ih::'';taMos';:..I:and'.TI’nr©^^ which:'. 

represents completely the stable ' equilibrium . .between calcium 
^::b|p!^oate:';.''::and;'',its ai|;;.:temperato ■' between 'the,, cryo- 

|:|^|d;p,mht:; M saturated' solution.''' ■-. ''The.^ 
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solubility curve consists ' of two distinct portions^ tke one (I) for 
the lower temperatures denning equilibriiiin between' the tri- 
liydrate and saturated solution, the other (II)' for the higher 
temperatures defining tha't between a lower hydrate and saturated 
solution. The two curves cross at 84*7'^, corresponding with , a 
concentration of 7*62 grains of calcium, benzoate per 100 grains of 
water, and this is therefore the transition , point. Curve III is 
the freezing-point curve, and the concentration at the cx*yohydric 
point —O' 37°, obtained by extrapolation of curves I and IIIj, is 



TemperaJ^m. 


,2"'22 grams of calci.um" benzoate' per 100 grams of water. As regards 
the s'olid phases, that corr^pondiiig ' with curve I is undoubtedly 
the trihydrate. Although ,it::ha.s-:not been possible to isolate from 
the saturated solution that' corresponding with curve II, there is 
reason for supposing it to be the monohydrate, Ca(C6H5*C0g)2,H20, 

Anhydrous^' ■caldu,!^:;':;.^^^^ 'With alcohol "■to :'form : a 

dialcoholate, Ca(C^S5*CCJ2)^v2C^§0, which is very unstable. 

Mixtures of alcohol and water containing much alcohol essitoci 
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water from tlie crystalline triliydrate, Ca(Ce.Ii 5 "C 02 ) 2 ij 3 H 20 j to 
form a monoliydrafce, Ca(0(jH5*C02)o,Ii2^* 

A' study ol tlie solubility of tbe trihydx^ate at various tempera- 
tures sliows that a, lower hydrate exists, the transition temperature 
being 84*7'^ and the solubility 7*62 grams of calcium benzoate per 
100 grains of water. This lower hydrate is probably the mono- 
hydrate, Ca(CgH5’C02)2,Ii20. 

A study of the freezing points of solutions of calcium benzoate 
shows that the cryohydric point is —0-37*^, when the solution con- 
tains 2' 22 grains of calcium benzoate per 100 grams of water. 

The action of mixtures of alcohol and water on hydrates should 
furnish some interesting examples of equilibria in, systems of three 
componeiits with one liquid and two or more solid phases, but the 
author has refrained from introducing into- the present example 
any theoretical speculations based on the phase rule without 
further experimental work. 

In conclusion, the author desires to record his grateful apprecia- 
tion of the sympathetic interest taken by Dr. C. F. Baker in the 
course of the work. 

■ Ohemistry BEPABrainnT, ' 

TEOHunoAn College of Sundeblakd. [Eeoeivedj July 316'^, 1918,] 


, LXXIIL— Derivatives of Ca^^hazole. : 

By Maurice Copisarow. ' 

. '■iN 'the course of ' certain investigations, it wasvfound. necessary to 
■; prepare A(9)-aoyl derivatives. of carbazole. 

As'.but few. substances of .this' class' are ^ known,* it ' was' decided 
to investigate 'this, subject’ further, this being; the more desirable, as 
. the; known, .methods' of . preparation, are' .not ' .satisfactory. 

; ' , "The, drawbacks', , 'of ", the methods . . 'so- far employed , .are : ' (1.) : The 
' n'ecessity "' of heating the acid .chloride ..or, anhydride with carbazole 

AT-Acetylcarbazole (Graebe and ''Glaser,.'., Amtalmp 1872^ .163," ,361; 
Boeseken, Reo. trav, chim,, 1912, 31, 164),'', carbazole-iV'-oarbozylio' acid 
;:';,pamician and;Sh,ber,',G^a2®e«^^^^^ 1911,41, I., 256), 

jY-bemoyieaxbazoie (Bkzarri, 1890, 20, 413; Mazzara, Ber., 1891, 24, 
279), and carbazoie-AT-cairbonyl-o-beiazoio acid (Stiimmer, Monai^h^j, 1907", 
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to a comparatively higli temperature before tbe reaction takes 
place, the product being impure and the yield low; (2) the 
employment of condensing agents, such as sulphuric acid, feriic 
chloride (Boeseken, loc, cit.), and aiuminium chloride (Stiimmer, 
loe. cit.; Scholl and Neovius, Ber., 1911, 44, 1249), which may 
cause the formation of (7-acyi derivatives of carb azole (Borsche 
and Feise, Ber., 1907, 40, 378); and (3) the constitution of the 
carbazole derivatives so formed is established only in an indirect 
or negative manner. 

The author has found that by adopting in this case a method 
analogous to that generally employed in the preparation of iT-alkyl 
derivatives of carbazole, namely, condensing the acid haloids, 
usually the chlorides, with potassium carbazole, good results are 
obtained. 

The general mechanism of fomiation of the if- acyl derivatives 
of carbazole can be represented by the following equations : 

G^oHsNK 4* R'COCl = Ci,HsN-OOE + KOI, and 

(I.) 

2Gi2HsNK + R<yyQ[ = Ci2H3‘N-CO-R-GO-Nff,Ci2+2K01. 

(II.) 

It was observed that the energy of reaction and the stability of 
the products decrease with the complexity of the acyl group in the 
case of monobasic acids. 

It has also been noted that in the case of the (7- and if -acyl 
derivatives of carbazole, their solubility and fusibility diminish 
with the increase in the number of carbazole groups in the mole- 
cular structure of the product (Stuminer, ioc. c#. ; Scholl and 
Neovius, loc, cit,; Ehrenreich, Momtsh,) 1911, 32, 1102; Copisarow 
and Weizmann, T., 1915, 107, 878). 

The if-aoyl derivatives of carbazole investigated, by the , author 
give colourless solutions in concentrated ■, sulphuric acid, these solu- 
tio.ns assuming a deep green coloration, on the' addition of a few 
drops ' of concentrated nitric' acid,' the, only exception being ,if-oxalyI- 
carbazole. ' This is probably due to' the.' greater stability, of oxalyh, 
"carbazole,, on, the one' hand, "and"' -the ■co'm.parative "ease with which, 
., The , derivatives containing '.one 'earbazole . group in their ", molecule 
are hydrolysed, regenerating , ■ carbazole, ,,'on ...the other. So ■■ far ' . as 
..'the, 'experimental evidence’’ ..goes, '■■’ 'if 'wcxaiylcarbazol© ' cannot be 
regarded, '.as an.dntermediat© .product ,: in the formation'; of ' ^'-carb- 
,',a'zoi©-blue,'^ 'prepared' by, the ' fusion -nf ’.carbazole with ' oxalic acid 
(Suida, Ben, 1879, 12, 1403;: Bamberger and Miillex, 1887, 
;2o, ’;i903);; 
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Experimental. 

The general iiietho4 of preparation of the iV-acyl derivatives ol 
carbazole , adopted hy ihe autlio.r was to triturate potassimii carb- 
azole^ prepared by Graebe's proeess (Amialen, 1880^ 202, 28), with 
a slight excess of the acid chloride p the reaction being energetic, 
the addition of the latter is regulated accordingly. The mixture 
is allowed to remain for two horirs, then extracted successively with 
water, dilute sodium carbonate, and water again, so as, to remove 
the potassium chloride and acidic substances, and then dried. ' , 

On triturating potassium ' car bazole /with acetyl .and ■ benssoyl 
chlorides, , .there were^ obtained the iT-acetyl' und";iV-benzoyl deriv- 
atives .of car baaole respectively, -in the- forms described by previous 
'workers {lo-c, cit,). 

the. followmg'',compoimcls- -are''; further' examples ol the general 
reaction.' .' 

M-Fhenoxyacetylm^^ 

' , , The . prO'dii'Ct .. of the ' interaction . ol potassi imi carbazo'le and 
. phenoxyaoetyl chloride, a pale' .grey powder, is soluble in ail tho' 
ordinary, organic .solvents,/ - It crystallises from ethyl alcohol (after, 
'. decolorising, the solution,' with animal ■ charcoal) in white, slender 
needles decomposing at 121 — 12 2®, -with the regeneration ol nar’b-, 
.'"aaole., 

. .The, . .colourless .solution , of iV'-phenoxyacetylcarbazole in ,eo,nc.eii’*'. 
trated sulphuric acid g.ive3 with nitric -acid the deep green, colora- 
tion characteristic ■ of carbazole: 

.... 0.-'3854' gave,I5'16 c.c. N'kat 18.^ a.nd'. 763 mm. . N=-4*5'9. . 

CgoHirPaN’ requires N=:s4*62 per ',cent.' ■ 

';,'/'. the: product,' of tho' re'a'GtiO',n,,of potassium carbazol© with •ns-noiioyl 
.'..chloride is readily .soluble .in .the .usual o.rgaiiic solvents. "It'crystal- 
lised from ethyl alcohol in long, prismatic needles melting at 

■■■72^fg'd.'/: v''y.^ '.'V' .'' 

'0"'3266' ,;|ave', .12‘4: 17Pl,.ahd,'',762,.mBi 3SF:6=4.'4,2. , , 

On heating iy'-w-nonoyloarbstjsole above its melting point, the acyl 
group is elimiBated, dtecmapwMon also taking place on attempting 
'i;ip::,;Cfy,stallise/the;'sdbs|ah^,;;fr«^ 
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^^!^^>N-C0*[CH2]. j*C‘ H^. 

^ 6^4 

The reaction between potassium carbazole and palinityi chloride^ 
being less energetic than those described above, is completed by 
keeping the mixture in, an air-oven at 75*^ for two^ hours, the 
mixture being triturated from time to time. 

The product, a grey powder, is readily soluble in all the ordinary 
organic solvents. The difference in solubility in hot and in cold 
ethyl alcohol is considerable, and the compound crystallises from 
this solvent in a spongy mass of small, white, matted needles melt- 
ing at 90 — 91®. It separates from benzene in small, rhombic 
crystals : 

0*4603 gave 12*4 c.c. at 18® and 763 mm. ]Sr = 3*12. 

C28H39ON requires N = 3*45 per cent. 

On being heated above its melting point, the compound decom- 
poses, carbazole being regenerated. 

^ ■‘GarbomjlcarbazoU^ 

Dry carbonyl chloride was passed over finely powdered potassium 
carbazole, the current of gas being so regulated as to keep the 
temperature of the energetic reaction at 150— 160®. When the 
reaction ceased, the product, freed from potassium chloride and 
acidic substances, was crystallised from ethyl alcohol, the first crop 
of crystals being mainly unchanged carbazole. After three crystal- 
lisations, the compound was obtained in small, white needles melt- 
ing at 181 — 183®: 

0*2805 gave, 19 c.c. at.lfi® and 760-' mm. , ,N~7*92,. 

■C25H3,0OH2; requires N = 7*78 per cent. 

N-{7ur6o//yZcar5a2!0^e is more readily ' soluble; than carbazole Tn 
the '.ordinary organic solvents. 

Paschkowetzky’s (Per., 1891, 24, ■■ 2905) failure',, to, prepare 
■N-earbonylcaxhazole ,by , boiling .. potassium carbazole ,W'ith ■ carbonyl,, 
chloride in benzene solution was probably due to the low tempera- 
ture., \Even.' in boiling' , xylene..; no condensation takeS' place,,', 
although the '.reaction ', appears to be, energetic. ' 

", The ',reaction', between , potassium ■'■.ca.rbazole" and',oxa,lyl chloride, is :, 
energetic, . and ■, the ,oper'ation , ■ -'was;,, '.carried : , out in ; a manner : ,siini,lar ^ ', 
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to tkat' adopted in tlie case of monobasic acid derivatives of oarb- 
azole. Under tbese conditions, no acid of tbe type >'N*C0*C02H 
was foroied* Tli© crude product,' freed from potassium cMoride' 
and oxalic acid, was extracted witb hot alcobol to remove any; un- ' 
altered carbazole. The pale grey powder; is very sparingly soluble 
in alcohol, ether, light petroleum,' chloroform, or pyridine, but 
somewhat more readily so in ethyl acetate, acetic, acid, benzene', 
nitrobenzene, acetone, or carbon disulphide, and crystallises from 
nitrobenzene or carbon disulphide in small, white, rhombic crystals 
inelting at,265 — 266°: 

0’2360 gave 14*56 c.c. No at 17° and 762 mm. N = 7*18. 

C26Hig02N2 requires N = 7*21 per cent, 

F-Oxalylcarbazole does not give with concentrated nitric acid 
in the presence of concentrated sulphuric acid the deep green 
coloration characteristic of carbazole and many of its derivatives. 

It appeared to be of interest to investigate whether this sub- 
stance is an intermediate product in the formation of carbazole- 
blue’^ from carbazole and oxalic acid. To determine this, the 
following experiments were carried out: (1) The product of the 
reaction between oxalyl chloride and potassium carbazole wa^- 
heated to above 200°; (2) the product of the reaction between 
oxalyl chloride and carbazole was heated to above 200°; and (3) 
oxalylcarbazole was fused with a large excess of oxalic acid and 
the mixture heated to above 200°. . ■ 

In all these cases, no formation of “ carb azole-blue could be 
detected, and therefore i¥-oxalylcarbazole cannot be regarded as an 
intermediate product in the formation of carb azole-blue.'^ 

The author wishes to express bis indebtedness to the Department 
of Industrial and Scientific -Research for permission to publivsh this' 
"work: ' 

ThB OhBMIOAI. DSFABTMBNr,' : 

- ' The UmvEBSiTY, 'MAJsroinssTBB.' 


IMeeeivedi ■ S&p^mhef' Uh^ I'&l SJ 
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ljXXiY\~Tfie Relative Activity . of certain Alkyl 
Iodide:^, tvith Sodium a^Naphthoxide in Methyl 
Alcohol. 

By Henry Edward Cox. 

The relative activities of nietliyi, ethyl, and n-propyl iodides with 
sodium naphtlioxides in ethyl alcohol were discussed in a previous 
paper (this vol., p, 666), and attention 'was directed to the ahiioiTual 
increase, in activity of methyl iodide at high dilutions. The 6b|ect 
of the present, work was to examine similarly the reaction between 
methyl iodide and sodium a-naphthoxide in methyl alcohol as 
solvent. 

Meiischutkin (Zeitsch. Chern., 1890, 6, 41) found that 

ethyl iodide and triethylainine react more rapidly in methyl alcohol 
than in ethyl alcohol, and ascribed this to' the higher dielectric 
constant of the methyl alcohol. Hecht and Conrad 1889, 3, 

42) and Segaller (T., 1914, 105 , 112) have .shown that sodium 
ethoxide and pheiioxide react more rapidly in ethyl alcohol as 
solvent? ■ This is surprising, in view of' the fact that ' Eo-bertson and 
Acree, (rimer. Ohem, J., 1913, 49 , 474; T., 1914, 105, 2582) have' 
shown that in the case of the phenoxide, the activity due to ions is 
more than five times that due to the undissociated phenoxide. The 
activity would therefore be expected to be higher in the solvent of 
greater dissociating power, namely, methyl alcohol. Sodium 
a-naphthoxide, like ethoxide and phenoxide, reacts about twice as 
fast wdth the alkyl iodides in ethyl alcohol as in methyl alcohol. 

E XPE Ri mental. 

The methyl alcohol "was quite- free- from ".acetone, ^ and.", w.as'. 
dehydrated over calcium oxide and ealcium." ' ■ The Ineasurements 
were carried out at 40*0^, 'as- d-escribed' in The .previous' paper. 

The following .results w.ere obtained,,, with,, m.ethyl iodide and, 
s.odiuin ' ' a-iiaphthoxide in', equivalent - .concentration. The 'third' 
colimin, gives'" , the , values', "of ', calculated . from the equation, 
/r,y = l;j '+'.a,log V,. ', . ., , ' ' 

,0-0'033S.." 


V. , 

(found). 

(calc.). 

I 

0*01644 

' '0*01644 

'2. 


, 0*01744. 

4""" 

0*01863 

;„0*01844' 


0*01923 

, 0*01945' 

16 

0-02449 

' '■ 0*02045 " 

■"32 ■'■:■, 

0^03633 

' O-02I45."" 

64 

O'044S1 

. ' , ■,.0*02245''s 
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These figures show that the above equation holds as far' as 
and then increases abnormally rapidly, as was found to be the 
case in ethyl alcohol. 

In order to determine whether the increase with dilution is 
mainly due to the change in concentration of the naphtlioxide or 
of the methyl iodide, the following experiments were^ made with 
non-equivalent concentrations. The results are calculated from the 

usual formula, = — logg where a and b are the 

(a-b)i a{h-’X) 

concentrations of iodide and naphthoxide respectively. 

■ The results show that change in concentration of the alkyl iodide 
has comparatively little effect on the velocity constant, whereas the 
concentration of the naphthoxide has a very marked effect. 

■ k. ■ 

Ar/i6-¥aphthoxide I iSTM-Methyl iodide ' 0*02243 

.V/8- „ „ 0*02321 

2^/16- „ „ 0*02449 

AT/S-Iodid© i^/8-Kaphtho3dde 0*01923 

2//16. „ ' 0*02321 

iV/4-Iodide JV/4-Naphthoxid©' 0*01863 

JV'/ie- „ 0*02449 

On plotting values of A against logt^, there is a sharp curve 
upwards at the point corresponding with about 8. It seemed 
possible that at higher dilutions the reaction might not be bimole- 
cular, but of a higher order, due to the formation of additive corn- 
compounds, such , as Cio'H 7 - 0 ]Sra,irGH 3 l,- and in order to test this 
point, Ostwald’s / isolation ' method was applied, as follows. 

The reaction velocity may be represented by the equation 
, "where 'and are ' concentrations of ' naphth- 
oxide and iodide respectively. ■ ■ In the following experiments, ■■ £*2 is 
large compared with 'ci, and is taken -.as constant during, that, part 
■of ■ .the reaction measured; the 'equation, hhen takes the form' 
where ■ The ■ order', of reaction is then 

'©qua! ' to "m. . 


' Experiment I. ^ Experiment 11. ' Experiment IIL 

Ar/16-Haphthoxide.' ' ; JV/16-Naphthoxide. , , ' iV'/IB-Naphthoxide. 

A?'/l-Iodide., ' , Ar/4-Iodide. " JV/8-Iodid©* 


A ' 

C.''" '■ 

l/tlogc^fcu 

L 

■ ' c. 

1/iIogCo^c, 

t. 

c. 

lltlogcjc, 

0 


..« . . 

0 

7*30 


. ,0 . 

7-60 


30:' :. 

'3*70 

0*00804 

66 

5*10 

0*00236 

77 

'6*10 

0*00124 

55 

.2-35 

.' 0*00797 

83 

4*75 

0^00225 

■ 96 

5*80'.. 

'0*00122" 

.'65 " 

'Y-OO- 

0*00786 

106 

4*20 

0*00226 

:■ 130' 

'.5*35 

' ,0*00117 

75 

1*62 " 

0*00800 

148 ' 

3*50 

0-00217 

M60 

"4*95' 

0*00116 

''■li;e'ani!|."'? 

^ 0*00797 

' . ' ' Mean. ^.^s 

*',;:0*00224v:::; 


«",'0‘00120^ 
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Tile values of are sufficiently constant to show that the reac- 
tion is iininiolecular with regard to the naphthoxide. 

If hi^ and are values of ki from two experiments in which 
the concentration of naphthoxide is initially the' same, whilst that 
of the methyl iodide is ■ varied and equal to cJ' and , then 

and — hence Substituting 

n I c.^ 

the values obtained in experiments I, II, and III, — 0*92, ■ 0*91, 
0*90, which indicates that n approaches the value unity. The 
reaction is therefore unimoiecular with respect to methyl iodide, 
and the whole reaction is bimolecular at all dilutions from. N jl to^ 

j/u: 

Effect of the Froducts of Eeactian on the Velocity Coefflcient, 

Arrhenius, and more recently Senter, have pointed out that 
velocity coefficients often exhibit a tendency to fall ol! as the ex- 
periment proceeds, owing to the action of the salts formed during 
the reaction. As the constants in the reactions here considered 
show this tendency to diminish, the following experiments were 
made with an addition of anhydrous sodium iodide and a-naphthyi 
methyl ether respectively. 


/8-Sodium a-naphthoxide and jY/8-m©thyl iodide. 

No sodium iodide 

k. 

... 0.0109^1 

iV/4 „ " „ 


N/8 „ „ 


JY/S a-Napiithyi methyl etber 

» % • ^ % \S V i. vv i 

0-01690 

jy’/4-Naplithoxid© and iV’/4-metliyl iodide. 

No a-Naphthyl methyl ether ' 

..v.- ' " '0-01883 

0-01536 


These results show that whilst sodium iodide has no appreciable 
influence on the velocity coefficient, the formation of the ether 
greatly retards' the velocity, and this ..probably accounts 'for the 
observed falling off of the velocity constant. 

, It is still unexplained why the. velocity : is' practicai^^ constant 
throughout any one experiment, .altho.ug.hfthe ■ conoentration falls " 
,to, less..', than ^ one-half of ..its initial .value,. 'Whereas ,if' an' experim',ent 
is, ..commenced at, a lower concentration,''-' the .velo.city coefficient, is" 
considerably increased', in' accord'anoe,':."with. 'the, equation. " 

.alOg V, , , ''",'.,',V\.' '''*,. 

Ethyl amd Jx^-Fropyl Iodides. 

■ ..These; .iodides,',, rea,ct' 'more 'slowly :',.;than-' methyl, , iodide,;',; 

':'equ'ation ' ■lv='|j|;d''£®''log,'t?', 'is'" found .''to' ';hdi,d,; .'.to, as', high;' 'a ,,„diluMbn:^^'':as'.' 
'it'',was';practicabl©;to;^measuie.^'''';"^ '''T' 
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Tlic of tliree exp€:rin'i exits are as folloivs: 


Etliy-l iodide. w-Propyl iodide. 


th 

(found). 

(calc.). 

kv (found). 

kv (calc,). 

1 

0*005350 

0-005350 

0*002,355 

0-002355 

8 

0*006020 

0*005982 

0-003071 

0*003077 

12 

0-006280 

0*006403 

0*003601 

0-003559 


a “ 0’ 0007 0 a == 0 ■ 00080 


The relative activities of the three iodides at conceiitratioii iV jl 


are : 


Solvent: — Methyl alcohol. Ethyl alcolioL 


Methyl iodide 6’ 98 9*5$ 

Ethyl iodide 2*27 2-14 

n-Propy! iodide 1*00 1*00 

a:nd the ratio^ ot the velocity coefficie'iats in these two solvents is; 


Methyl iodide. Ethyl iodide, n-Propyl iodide. 


Methylalcohol .,T 1-00 POO . , POO 

Ethyl alcohol...... 2*50 1*71 , P8S 


These ■ figures, agree very closely ■ with the results of Hecht ' and 
Conrad and of Segaller for sodium ethoxide and phenoxide. 

Summary ami Conclusiom. 

(1) The reaction between methyi iodide and sodium a-naphth- 
Gxide is bimolecular at all dilutions from Njl to #/64. The 
velocity coefficient increases with dilution in accordance with the 
equation X’i,==/C| + a<log f as far as r = and thereafter it increases 
more rapidly, 

(2) The effect of varying the concentration of the alkyl iodide 
is .coimparatively small, but' the'- initial concentration of .the- iiaphth- 
O'xide has a very marked effect on the velocity coefficient. 

,'(,3) Bodium iodide has, no -effect on the Yelopity coefficient. 

■ (4)' ,a-NaphthyI methyl /ether 'greatly 'retards .the reaction. ' 

:(5) ' 'The velocity' of reaction of the alkyl iodides is approximately 
twice as great in ethyl, -alcohol as in'';methyl- alcohol. 

; -.(S') :The Telativ6 activity of' the. hrst -'thr€» members ''of ' the 'series, 
""is''',in the'-order methyi, ethyl, ', ^I'-pr'opyl -.iodide,"'and , methyl" iod'i'de: 
'• is much m.ore .active than the, others. 

■' :'I 'Wish to express '.my, 'thanks. to-Mr.-lG.., E., 'Thompson, ior- 'pro-' 
/-vid,i,Bg every facility' for this-'' 'work, '-and-,, to'. Dr.',,' J. G.'- Crocker' for 
his inter^t and advice. 
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LXXV . — The Hydrolysis of Soap Solutions, Measured 
hy the Mate of Catalysis of Nitrosotriacetoncmiine, 

By James A¥illiam McBain and Thomas Bobert Bolam, 

The concentration of hydroxyl ion in soap solutions was measured 
by McBaiii and Martin (T., 191.4^ 106. 957) by the electromotive 
force method, and the measurements recorded in the present paper 
agree with those results in showing that the concentration of 
hydroxyl ' ion is only of the order of magnitude of Y/1000. It is 
therefore impossible to attribute the conductivity of soap solutions 
to free hydroxyl ions. For the evidence with regard to the exist- 
ence and nature of the ionic micelle and their bearing on the con- 
ductivity, reference should be made to other commumcations from 
this laboratory.* 


Method of Measurement, 

The method employed was- the rate of catalysis of the reaction 

,as- shown by Francis and his collaborators^ (T., 1912, 101, ',2358; 
1913, 10'3, 1722; 1915,, 1-07, 1651). The reaction is imimolecular 
and the velocity is proportional to the concentration of hydroxyl 
ion. The volume method had been found to be accurate to within 
about 2 or 3 per cent, at the ordinary temperature. 

The results are calculated according to the system proposed by 
McBain' {Tram, Waraday Soc., 1917,. 18, 1),. which' consists in,' 
always setting the rate constant equal to unity and "In cho'osing 
the unit of tim-e accordingly.' 

The formula used here is consequently 

r = 2-303 log -, A. , 


A 


instead of the hitherto customary 

' ' ' , ' t 

-wh©.re , ,1; ', is the rate -constant. The disadvantages of the system'' 
hitherto, employed,' as ■ compared 'with -that proposed, are illustrated 

-' *, 'MoBam.'Bnd Taylor^' Ber,,.:W^ Zeitsch, Ohem., - 1011 ,'- 

7'6^ - 170 ; ."Bowden, ';T,, 1011, 99, 101 , McBaia, Cornish,- and "Bowden, 'T.^- 
1012, 101, 2042;' Bnnbnry -and, -Martin,' 'T.,;-, 10 14, 105i, 417 ; ■ , -'MeBain, ,sii,d 
Martin,- T.," '1'914, 105, 057 ; 'Laing, T.,'1018, .lli '435 ;', 'M,cBaiii andrSalra-on, 

'■ Ghm.'. 1,018 .;;-,McBam, J. , Soe.: 'M, I,'018,,': ^ (a' 

'-'-hrfe! 'summary).'' ' 
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'by tlie rat© of reaction in the presence of. O'OlSSif-OH^ at 40*0®. 
Tlie rate constant is 0*0708. This statement is meaningless until 
the further information is given that '' time has been measured in 
minutes.’^ Under the new system, this becomes — ^'th©' time unit 
is 14*1 minutes — a statement which is much more readily 
visualised, is self-contained, and. does away with small decimals. 
It further means, in the case of uiiimolecular reactions such as 
the present, that the reaction requires 14*1 minutes to proceed to 
the extent of 63 ‘2 per cent. 

Determinations were made at 30®, 40®, 70®, and 90®. The values 
of the time units for definite concentrations of , hydroxyl ion at 
each temperature were measured hy observing the rate in solutions 
of sodium hydroxide. These solutions were made up from sodium 
and boiled-out conductivity water, and all vessels were carefully 
flushed out with air freed from carbon dioxide. Soap solutions 
were made up in silver vessels as described in previous communica'- 
tions. The reaction was carried out in a Jena-glass flask contain- 
ing a small glass tube, which could he dropped into the solution 
in the flask when it was desired that the reaction should commence. 
In some cases this tube contained the soap solution, in others the 
solution of nitrosotriacetonamine. 0*1300 G-ram of that substance 
was employed in each case. The amouiit of gas which should have 
been evolved, saturated with water vapour at about 18®, is 
17*18 c.c.^ as a matter of fact, on the average about 8 per cent, 
more than this was evolved. Francis and Clibbens state that they 
obtained values within 2*5 per cent, of the theoretical vohime. 
Hence the '^ infinity reading was taken after a period five times 
as long as that required for the production of 9*3 c.c. of nitrogen. 

The results for sodium hydroxide are given in table I, in the 
final coluimi of which the product of" time unit'' and concentra- 
tion is recorded. This should he a constant for each temperature, 
and is also equal to the reciprocal of the older expression /c/OII^ 
The final products for 40®, 70®, and 90® are 0*196, 0*0236, and 
0*00545, respectively. The degree of accuracy is much less at the 
higher temperatures, owing to the great speed df the reaction and 
the very low concentrations of hydroxyl ion, which alone are 
measurable. Further, the solubility of the glass and , diflicultiea 
due to vaporisation and fluctuations of temperature play an increas- 
ing role. However, none of these influences vitally affects the 
value of the results, on account of the fact that the hydrolysis of 
the soaps is itself so small. 
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Table I. 

Hate of Catalysis i?i Solution of Sodium Hydromde , 


Concentrations, Humber of Time imits T mimxtes# 


Tempera- ' ■■ — — 

ture, ■ HaOHigo 

OH ^C. 

-experi- 

ments. 

Max. 

Min. 

Mean* 

O.T. 

40® 

■0-0146 

0-0139 

4 

14-4 

13-5 

14-1 

0-196 

70 

^■0*00314 

0-00302 

4 

8-32 

6-80 

7*67 

0-0232 

»» 

Q-mzn 

0-00396 

2 

6-52 

6-45 

6-49 

0-0244 

90 

0-000654 

0-000626 

2 

9-43 

9*01 

9-22 

0-00579 


0-000785 

0-000757 

2 

7-69 

7-46 

7-57 

0-00669 

99 

0-000796 

0-000766 

2 

6-41 

6-33 

6*37 

0*00488 


The temperature coefficient of the reaction above 40° is 2‘02 
and 2'04j depending on whether the time unit at 70° or 90° is 
taken for the calculation. This is. in general agreement with the 
results previously, and subsequently obtained (T.^ 1915,, 107, 
1657), showdiig that the temperature, coefficient diminishes with 
rise of temperature. 


Applicability of the Method. 

In view of the low values of hydroxyl ion obtained for soap 
solutions, it was considered advisable to carry out a few experi- 
ments in order to determine the neutral salt action, if any, of the 
sodium salt by the lowest fatty acid of this series, namely, sodium 
.acetate. 

The results of two series of experiments are given in table II, 
where concentrations are expressed in volume normality at 90°. 
The first column gives the preparation used (A being sodium 
acetate made anhydrous by heating in an air-bath at 125°, and 
D being ordinary crystals weighed either 'dry or ' moist after," re- 
crystailisation and subsequently analysed, thus avoiding any slight 
loss of acetic acid through heating), the last column being the 
apparent hydroxyl-ion' concentrations as deduced .irom the 'factors 
obtained from table !. , ^ 

'Table II." 

^""Sodium'.A cetate at v90° ■ mith and miJimt Sodium , Hydroxide. ' ■ 



' Goneentrations, 

Humber of 

'■ :, Time units 'minutes.'' ■' 


'HaAc. 



■' HaAc. 

'' HaOH, 

experi- 
ments. ! 

: .Max. ■ 

Min. ' 

; Mean. ■ 


'aj 

0-923,:' 

,:■ ■ 

' ■ 2 '■ 

/'28-I ■ ; 

25-5 , 

:",26*S''" ; 

0-000203' 


0-967 „■ 



', '25-0, :.■; 

'■.''■24-4'.' 


0*000221 

■' \ ' ■' 

0-923 

0-000759 

3 

: 10-4' 

9*0 

''O-Sl,') 

yO^OOOiff:' 

4 


0*000769' 


■. : 9*7 ' ■ 



Cl*0006»6 
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Tliese results require elucidcitio-n, for tliere are twO' factors 
involved, namely, neutral salt .action, and liyclroiytic equilibriinn. 
Taking: first hydrolysis, calculation shows that the observed rate 
■of catalysis would indicate a rather high value, 60 — 70 x for 

the dissociation constant of water at 90*^. ■ The latter is still 
luicertain as between the limits 33— 70 x 10- With the present 
Bietliod, dilute solutions w^ould have to be employed to minimise 
neutral salt action. 

The nature of the neutral salt action follows from the experi- 
ments in table II , employing added sodium bydroxide. The 
sodium hydroxide added will, of course, be only moderately dis- 
sociated in accordance with the principle of isohydrism. The total 
rate predicted will consequently be less than that of the hydroxide 
when taken alone, in spite of the influence of hydrolysis. Taking 
one set of assumptions in the preceding paragraph, the hydroxyl 
ion predicted is about 0'000614 for both the 0*923 and 0*967i\^- 
solutions containing sodium hydroxide. Taking another set, using 
osmotic data, this number becomes about 0*000571, which is 
identical with the mean of the observed value in table II. 

This suffices to show that sodium acetate in normal solution does 
not exhibit any accelerating neutral salt effect. If it has any 
effect, it retards the reaction by anything up to 6 per cent., which 
is wi thin the experimental error for the calculation above. 

A much more vital effect would be if the soap in conceiitrated 
solutions sorbs nitrosotriacetonamine, thus cutting down the 
effective concentration at any time, and therefore the rate. The 
reaction,' won Id "proceed to', completion, for -the whole, . of ' the amine 
would be .liberated progressively,.- but. -the apparent rate would" ..be 
proportionately : less 'than* that ■ correspo-nding,', with the real .con- 
centration of hydroxyl ,;ion.' ; .The-" 'whole-'nf the . nitrogen is actually, 
evolved. , ■ 

If this pkenoinenon ' occurs-',- it would ■-be-, .of; .importance only.iir. 
concentrated, , .solutions,. - where-; the e'papst'exi.st:'-,aB,,v'Colloid:al', 'electr 
lytes . There the apparent concentration of hydroxyl ion would 
be too small, .whereas. in' dilute’- 'solutions, 'in .-which the : soaps ex.ist 
essentially as simple electrolytes, normal values would be observed. 

This is Just .what, is . found .when "the' results '"from ..the -'present 
method are compared with those from the determination of electro- 
motive force Qoc. cit.). The values are nearly identical up to 
iV/ 20-solution, but at N/lO-solution they begin gradually to 
diverge until at 0*8:y~soUition i.he aikalinity measured by catalysis 
^ is only a fraction of that found by- the .method -of - electroniO’tive 
force. 

The only uncertainty in- the measurements :.fro'm- electromotive 
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force is iii caiciilatiiig tlie diffusion potential. If tlie difference 
between tlie rnetliods is to be ascribed to tins source, it would make 
the hydrolysis inucli sinailer even than that deduced, wbicli was' 
on© or two ten tbs of a per cent. , This establishes even more con- 
clusively the main result of the previous paper. This assumption, 
however, predicates that the palmitate micelle possesses only low 
equivalent mobility, whereas the high observed conductivity necessi- 
tates the opposition conclusion. If sorption is taken into account, 
the resuits obtained by the catalytic method coiifinn those derived 
from electromotive force. 

Direct proof of the occurrence of sorption in concentrated 
solution is obtained by adding a known amount of sodium hydr- 
oxide to the soap and observing that the effect on the rato is 
abnormally low. This is not due to sofption of the' hydroxyl ion 
by the soap, as both electromotive force data (Joe, cit.) and other 
evidence show that basic soaps are not formed. Experiments of 
this kind are set forth in table III. The concentrations of sodium 
palmitate are given in weight normality, the sodium hydroxide in 
volume normality at 90°. Two experiments from table I are added 
for coanparison. The results show strikingly that the apparent rate 
is much lower than that corresponding with the alkali present and 
added, which points to sorption of amine by soap in concen- 
trated solution as the explanation of the low rate. It should be 
remembered, of course, that in these soap solutions the concen- 
tration of sodiuin ions is about 0‘30 weight normal, or about 0*25 
volume normal at 90°, so that the sodium hydroxide is not fully 
dissociated and the hydrolysis of the soap has been partly repressed. 
Even so, the observed rate is but a fraction of that expected. 

The last three lines of table III present experiments . carried 
out by J. C. Pope in June, 1918, using a special preparation of 
sodium palmitate, which, although discoloured, was found to be 
very slightly alkaline in 90-,' per cent, "alcoholic" solution.. The rate 
in . mixtures containing considerable excess of, ''alkali is about., six 
times less than. i,f the, soap had be-en absent. This confirms the 
conclusions,, already clrawm’ and r,ec.aaiciles the .results , of vthe catalytic 
and'' electromotive , force/ ^methods. set'.'forth ,iii\table lY. y ,■ ' 
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Table III. 


0*8 Sodium Pahnitate at 90° with and without Sodiuni Hydroxide, 


Concentration. 

Number of 


Time units minutes. 

(OH'). 



experi- 





NaK. 

NaOH. 

ments. 

Max. 

Min. 

Mean, 

Deduced. 

0-8 


3 

25*0 

19*9 

21*6 

0*000252 


0*000774 

3 

20*7 

18*9 

19*8 

0*000276 

HI 

0-000785 

2 

7*69 

7*46 

7*57 

0*000784 

1-0 


2 

15*0 

14*8 

14*9 

0*000266 


0*00374 

I 

— 

. — 

8*09 

0*000614 

*9 

0*0187 

1 

— 

— 

1*76 

0*00312 


Results with Soap Solutions, 

Measurements on solutions of pur© palmitate liave been carried 
out at 30°, 40°, 70°, and 90°. The results for sodium palmitate 
are given in table lY, and those for potassium palmitate in table Y. 

Table IY. : 

Alkalinity of Solutions of Sodium Palmitate* 

'Con- ■ 
centra- 



; tion: . 

Number 





Hydro- 

By, 

Tern- 

weight 

of 

Time units minutes. 


lysis, 


pera- 

nor- 

experi- ^ 


— * — 

^ 


per 

per 

ture. 

mality. 

ments, ' 

Max.. 

Min* 

Mean. 

(OH% 

cent.' 

cent,;; 

70'® ' 

0-046 

4 

43-7 

42*0 

42*8 

0*000438 

0*99 

.- 

■ »»' 

0*101 

.2 ' 

43*6 

42-6 

42*0 

0*000661 

0*69 

. — , 

90 

0*042 

2 

6*02 

5-98 

6*0 

0-000908 

2*24 

'2*3- ; 


. 0-50 

, 2 

27-0 

27*0 

27*0 

0-000202 

0*06 

' 0*37 


0*8 : 

3 

26*0 

19*9 

21-6 

0*000262 

0*04 

0*28 


Table-. Y., ; 

.4 Ikalinity , "of SalMtio^us of Potassium . Palmitate . 


Con- 

eentra- 


Tern- 

tion ; 
weight 

Number 

of 

Time units minute. 


Hydro," 

„ '.lysis, ■, 

■;:by 

pera- 

:tur©. 

nor- 

mality. 

experi- 

ments. 

.^Max. 

Min. 

■■'Mean.. 

(OHO,. 

■ , per 

.■'■.'.cent, .■'. 

.per 

■"'.■'cent.'. 

d:m'" 

0*060 

2 .'. 

561*6 

620*6 

64M 

0-00097’*' 

2*04 

, ,'■ ■ 

; :^40. ' 

0*061 

" ' ' ,2 ■' 

598*8 

431*0 

514*9 

0*000391 

0*82 


70 

0*050 

"3'-;," 

'43*7 

42*6 

■(■''.43-1'." 

0*000645 

M4 



.■'".'.0*.100>', 

.2.',, , 

38*8 

38*3 

.■38^5::.'..' 

0*000612 

0*65 

— 


'-.:0'-86'. 

4 

409*9 

380-2 

395*1 

0*0000694 0*009 

-«». 

90 

0*019 

3 

7-4 

7*0 

7*2 

0*000767 

4-1 

5*7 

' . »»' 

v "0*042^''.' 

■ -^'2'. " 

6*06 

6-7 

5*9 

0*000928 

2*3 

2*2 

,. »»' 

0*1 

: .'4,'r 

6*1 

5-7 

5*9 

0*000927 

0-99 

1-25 


0*302 

5 

12*7 

6*1 

9*4 

0*000680 

■"■0*22 

0*64 


0*86 

1 




0*000110 

0*017 

0*27 


'Th'ese'-''' 'experiments.' 

were carried but by F. 

H. 'Geak© by .', the 

pressure 


the';. solutions'' have ^'beguh to be heterogeneousvthe'. alkalini is, 
';;;,af.;;,©xpeet 0 d# '-greater; :.;lhan: at 'where it is liqnidi 

p* 97S,;-' 
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THE HYBROLYSIS OF SOAP SOLUTIONS, ETC. 

Til©' soventli co’iumia gives the concentration of hydroxyl ion 
deduced, neglecting the effect of sorptioii of amine, and in the 
eighth the percentage hydrolysis found by electromotive force 
measurements (loc. cit.) is added for comparison. 

Comparison of the last two columns in tables IV and V ■ brings 
out the . agreement of the two methods for dilute solutions, whilst 
the divergence in the concentrated solution is due to sorption 
of amine by the colloidal soap, as already explained. 

The tables show at onoe that the alkalinity of all soap solutions 
is low and cannot account for more than a few per cent, of the 
conductivity of soaps except in very^ dilute solutions.. However, 
it is quite sufficient to exclude the ■ existence of free palmitic acid 
in, soap solutions except in very minute, amount (see McBain and 
Martin, Zoo. p. 973). ,Smce the concentration of the 'hydroxyl 
ion exceeds 0‘00002i¥ in the case of - every soap solution, even when 
containing excess of fatty acid, all higher fatty acids which are 
formed or added must exist in the form of acid soap, that is, in 
solid solution, adsorbed or chemically combined, but not in ,1he 
free condition, except to an immeasurably small extent. This 
combats a very , prevalent ., error (see, , for instance, Washburn, 
‘'Principles of Physical Chemistry,’’ 1915, p. 379). 

Potassium palmitate when studied by the method of electro- 
motive force exhibits a maximum alkalinity equal to 0'000316i¥ 
in 0‘5i¥-solution, diminishing to a quarter of this value in l*00i¥- 
solution, which corresponds with only 0*G8 per cent, hydrolysis. 
The data for sodium palmitate were less definite, but it was shown 
{loc. cit,^ p. 973) that the values in concentrated solution tend to 
be too high. This effect also helps to explain the divergence 
between the two methods in concentrated solutions. The falling 
off in .absolute alkalinity is quite simply explained on "the basis of 
McBain and Salmon’s theory, of colloidal electrolyte-s (/. Amer,.^' 
Ohem. Soc,, 1918), for in concentrated solutions the pahnitat© ions 
largely disappear, being displaced by the ionic micelle. 

:, A word -is ■ necessary with, regard, to, what we have called 
*:Vhydrolysis, per cent.,” in the -last two' columns of tables IV and'^. 
V.., v'lor, which we have, been, criticised ■ by .Bancroft {Tram, ■ Amer,. ' 
''MleMr&chem,'''Sae,, ,.1915, '27:, ■1.8,4).'-... ''Bancroft’s criticism arises, from 
"Our; having' regarded, 'alkalinity - (concentration' of hydroxyl, ion),', -as 
'iiydroiysis.v:,TW. ''different is.'-- largely -'-'.a" .matter .of , words, 'and ''-of. 
point o-f\vieV His.' contention is that the. -hydrolysis may have been 
anything up to 100 per cent., but that the hydroxyl ion has been 
immediately, ---and-':. ^almost,!^q^ sorbed by the resulting 

acid palmitate (it cannot be palmitic :..-acid, and the colloidal sodium 
palmitate must contain Ml the" excess of palmitic acid liberated). 

I 1*^2 



832 


WBEH AND, WILLIAMS.: STUDIES. IH THE 


.McBaiii and M^artiirs paper cO'ntai.iis direct .ineasiiiwieiits of 
tlie alkalinity of sodium liydroxide in the presence of soap; the 
hydroxide shows no appreciable sorption by soap ; this is direct 
experimental evidence which has apparently not been considered 
by Bancroft, and would appear tO' be conclusive. 


Summary. 

Rate" of catalysis, like electromotive force, shows that soap solu- 
tions are definitely, although very slightly, alkaline. 

This alkalinity decreases with falling temperature, but is 
increased again when the solution solidifies or becomes hetero- 
geneous. ' , 

The concentration of hydroxyl ion observed in all cases is 
sufficient to exclude the widely held view of the possibility of the 
existence of appreciable amounts of free fatty acid in any soap 
solution. Instead, acid soap must be formed in which practically 
all the excess of fatty acid is sorbed or combined. 

The experiments here communicated are taken from a series 
that had to be discontinued m July, 1914. Our thanks are clue 
to the Colston Society of the University of Bristol for a gra.nt 
which has defrayed the ■expe.nses . of this- investigation. 

Chsmical Depabtment, 

Bbtstol XlmvERSiTY. ■ ■ ■ [Becewed, Beptert^er Uh, : 


LXX V I. '—Stibdies , in , the Phenylsuccmic Acid ■ SerieS:. 
Part' VIL ' The Action: Alcohols, ..'■€md ': 'A.mdm 
: ' vn T^Pipheyiylsticeinie Anhydride. 

. By- H.ene'Y'Wbeu and Howell Williams., if' ' ' 

The' present ' investigation was undertaken with, the- primary object 
of .ascertaining .whether .derivatives .of ■mcwdiphenylsiicciiiic acid 
ai%, produced;- -during, the. reaction of -alcohols and. amines witfi 
'.r-diphenylsuccinic anhydride. It has been pointed out pre.viousiy 
by:-,'," Anschiitz and Bendix '1890, ,.259, 73) that the 

r-anhydride is converted': by '.hot water into^'a mixture of .the 'r-acid 
(about 96 per ceuit.) and mcso-acid '(about. 4 per cent.), '.and 'this' 
result is corroborated by the observation of .Wren .aiid,.Sti',ll ',.(T.,'- 
1 915, . 1U7,'^ 14 : 61 ,)" '."that. .:tfe -activ'e. anhydrides, when' treated 
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with hot water, pass into diphenyls uccinic acids of the sain© sign 
coiitaiiiiiig about 8 per cent, of optically inactive material, from 
which w.e^*odiplienylsiicciiiic .acid can be isolated in very ' small 
c|iiaiitity. The actio.ii of cold ethyl alcohol on the Z- anhydride gave 
a rather more complex result. About 20 per ee.nt'. of inactive 
inaterial appeared to be presents in the crude i^roduct, from which 
however, a homogeneous substance could not be isolatexl ; after 
crystallisation from light petroleum, a small quantity of substance 
was obtained which was not completely molten below 146^'. Since 
ethyl hydrogen Z-diphenylsnccinate melts at 113’5— 114*5*^', whilst 
F'raiicliimont (Ber., 1872, 5, 1050) gave 140° as the melting point 
of the corresponding r-ester, it seemed valid to conclude that ethyl 
hydrogen ■//i'.cijodiplienylsiiccinate w'as also present. A not dis- 
similar result is recorded by Anschiitz and Bendi,x. (Joe. eit.), who", 
]>y shaking r-dipheiiylsuccinic anhydride with chlorofoiin contain- 
ing ethyl alcohol, obtained a product analyses of which gave results 
in agi’eemeiit with those required for the ethyl hydrogen ester, but 
the physical constants (melting point of crop, 164 — -168°; melting 
point of substance from mother liquor, 156 — 174°) appeared to 
show that, the material was not uniform. 

The experiments just quoted pointed thus to a very profound 
influence of the reagent on the mode of opening of the anhydride 
ring, but their significance was greatly discounted by the incidental 
observation that ethyl hydrogen r-diphenylsuccinate melts at 
170 — 171° instead of at 140°, as recorded by Brancbimoiit. The 
action of r~diphenylsuccinic anhydride on methyl and ethyl 
alcohols, on aniline, and on ^>toiuidin© has therefore been studied, 
with the result that in the case of ethyl alcohol only has any 
definite evidence of the formation of m€so«derivatives been 
obtained, and even in this instance the amount is very small. , 

The ' interaction of r-diphenylsuccinic anhydride' and aniline^' has 
been studied by Anschiite and- Bendix., 1890, .259, 92), 

who prepared diphenylsuccinanil ' by' heating - the anhydride; with 
-half ' its weight of aniline at 170— 1-75°'-; on treatment with, a boil* 
ing aqueous . solution of barium - hydroxide, the anil was converted' 
'into 'a diphenylsucemanilic - acid which -melted at 220°. By- the 
action' , of, - , the anhydride' on'", .aniline' -' dissolved ' in benzene, ' they ' 
.,isolated " a substance' . which melted; -at " .65—68°, resolidified, ", -at 
1-05—108°, and ' again,' -melted'-' at '■■220^.;'; 'A ,repetitioii of , , the .."latter 
experiment,' has led to a,'' somew-hat''' different result, -since, , we "fi,n'd 
.the crude -, product to ^ 'm;e-I't .-a-t:-’. 173— 17'"6°, ' to- resolidify' at, about'; 
187°,,- and,' to melt, again, at; 226,°^'; 'the',- -initial "m,-e-lt'ing point, how*-.', 
ever, .being ■somew.hat ,, ,. -dependent, '-on the., conditions of the deter* 
'rn'ination; '''after-(puri,fl-catipn,'':'''':-it''-'p^^ 'diphenylsuccinaiiilic acid 
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which melts at 173 — 175® with the evolution of gaSj then re- 
solidifies, and again melts at 227®. This appears to be practically 
the sole product of the change. It is readily transformed, into 
diplien'ylsucciiiaiiil either by the action of heat, or by ethyl-alcoholic 
.hydrogen chloride. Considering the conditions ■ of their formation, 
it appears not unreasonable to regard the product melting at 

173-- 175® as derived from the 7'-acid and that melting at 220® as 

belonging to' the m.eso-sQTies, 

r-Diphenylsuccinic anhydride reacts very readily with a solu- 
tion of p-toluidine in benzene, giving an almost quantitative pre- 
cipitate of an acid anelting at 195 — 196°, which appears to be the 
sole product 'of the action. This add yields a barium salt which 
is spaiiiigiy soluble in water ; it is readily transfonned by the 
action of heat or of alcoholic hydrogen chloride into diplieiiyl- 
siiccino-i^tolil. The latter substance is converted by alkali into a 
mixture of acids which can be separated by taking advantage pi 
the widely differing solubilities of their barium salts in watery from 
the less readily soluble portion, the acid melting at 195—196° can 
easily be isolated, whilst the more readily soluble portion yields an 
isomeric acid melting and decomposing at 206°, which is easily 
converted into diphenylsuccmo-_p-tolil. From the mode of form- 
ation, the relatively lower melting point and sparing solubility of 
the barium salt, it appears reasonable to conclude that the former 
acid belongs to the racemic series, the latter being therefore a 
derivative', of the wcso-type. - 

B XPE 'E'l'MEKT A'n.' 

Partial of t- and 

. Ethyl' hydrogen ?/7C^fodiphenylsUccinate' , was • obtained' : from':' '' the 
products of the incomplete esterification of the m.^^i;o-acid by ethyl 
alcb-hq! and sulphuric acid according to the Fischer-Speier method. 
Isolation was readily elected by shaking the crude pr odu ct, 
obtained after removal of excess of alcohol, with water and chloro- 
form, whereby unchanged mc^o-acid remained undissolved. The 
chlo'roform , solu'tion ' was ; agitate'd ' .with , concentrated ' ' 'Sodium 
carbonafe6";Solution;.'the latter, when .acidified, yielded ah immediate 
"pre'Cipitate.. of ; e'thyl , , hydrogen ' '-mesodiphenylsuccinate,' ' which was 
purified' ''by,: crystallisation' from slightly 'aqueous alcohol and sub- 
'''seq'Uently .'from': ''benzene. ^ 

Etiij/l hpdrof/en mei^^odiphenii/lsttccmate from .benzene 

''in::,nimute,,''''Cblourl^^ '■.■."It 'is ..readily'. soluble, in cold chloro-' 

form or ether or in hot ethyl alcohol, and moderately'' so in cold 
ethyl alcohol. When heated, it shrinks to a thin core and melts' 
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sharply at 174*5—175°. ..After being dried in a vacuum over 
calcium cMoridej' the ester retains half a molecule of water : 

0'1461 gave 0*3765 CO^ and 0*0816 H.O. C-70*3'; H = 6*3, 

0*5431 lost 0*0149 at 100—105° H20 = 2*74. 

0*1393 * gave 0*3700 CO^ and 0*0756 H^O. C-72*4; 11 = 6*1. 

0*3885 neutralised ■ 12*9 c.c. of- 0*1033 ,A-sodium liyd,rO’xide. 

Calc, : 12*64 c.c. 

CigHig04,,|-H20 requires C = 70’3; H = 6'3; H2p = 2*93 per cent. 
^18^18^4 requires C = 72*5; H = 6*l per cent. 

Ethyl hydrogen r-diphenylsuccinate was similarly obtained by 
the incomplete esterification of r-diphenyisuccinic acid, and was 
purified through the sparingly soluble sodium salt, and finally by 
cautious crystallisation of the acid ester from a small quantity of 
ethyl alcohol. It may, be more readily crystallised from aqueous 
alcohol or from a mixture of benzene and light petroleum (b. p. 
80 — 100°), but the removal of small quantities of admixed r-acid 
is not easily accomplished in this manner. 

Ethyl hydrogen T-elijihenyhuccinate separates from alcohol in 
aggregates of ill-defined needles ; it is readily soluble in the boiling", 
fairly readily so in the cold solvent. It dissolves readily in cold 
ether, fairly readily in cold benzene, sparingly in light petroleum. 
It melts at 170' — 171°: 

0*4137 neutralised 13*9 c.c, of A/ lO-potassiunx hydroxide. 

Calc. : 13*88 c.c. 

0*1725 gave 0*4575 COg and 0*0944 HgO. C = 72*3 ; H = 6*L 
CjgH4804 requires C = 72*5 ; H = 6*1 per cent. 

On complete esterification with ethyl alcohol and sulphuric acid, 
the acid ester was converted into ethyl r-diphenylsuccmate melting 
at 84*5 — 85*5°, thus confirming the position of the ester in the 
racemic series. 

Sodimn ethyl separates' from' water, in wMch 

it is sparingly soluble at the- ordinary temperature, in aggregates 
■of fine needles: 

\ ;0‘2188t lost '0*0395. at 100— 110°.; , 

' ;CjgHi704]Sra,4H'20. requires -HgO;— 18*37 ' per cent., 

0*1788':t' gave 0*0-38'6 Na2S04.V.''Na'=:.d^89. 

. C48Hj704Na requires- N.a = 7* 20'' per cent. 

The salt evolved acrid fumes and became discoloured at 180°. 

Barium ethyl T-diyhenylsuccinate was prepared by neutralising 
a , suspension of the ethyl hydrogen ester in water with barium 
hydroxide solutio,n'; .it' is i^oderately soluble in cold water: 

. ■ Dried COM .in;..weight,'''. ^ 
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0*3754 lost 0*0177 at 100—110°. H20--4-72. 

■ requires HoO = 4-70 per ce-iit. 

0*2034 t gaw 0*0662 BaSO^. Ba==19*12, 

Cyi^^OgBa requires Ba= 18*78 per cent. 

.lr//o// of Ethf/l Aleahf^'l ofi x-Diphenylm(uniiic A/nhipfridc , 

r-DiplieiiyLsucciiiic anliydride (8*1 grams) was allowed io reiiiaiji 
in a stoppered flask, witli occasional shaking, with ethyl alcohol 
(100 c.c.) until solution was complete, for which about three days 
w^'ere required. (A small portion of the solution was evaporated 
to dryness, and the residue was titrated with standard sodium hydr- 
oxide solution; the results indicated that the ethyl hydrogen ester 
contained a very small proportion of the free acid. This experi- 
ence was confirmed in a number of other instances, and it therefore 
appears to be> a ■ iiiatter of very considerable difficulty to prepare 
the alcohol absolutely free from moisture and to maintain it in 
this condition during the experiment.) The alcoholic solution was 
concentrated and exactly neutralised with aqueous-alcoholic sodium 
^ hydroxide solution. After complete removal of the alcohol, the 
aqueous solution was cooled, when sodium ethyl r-diphenylsuccinate 
was readily deposited (crop A). The precipitate was removed, and 
a second small crop of crystals was obtained by concentrating the 
filtrate. The mother liquor from the latter crop was acidified with 
hydrochloric acid and extracted with ether. The ethereal extract, 
after evaporation, left a small residue which melted indefinitely at 
148—200°. It was completely esterified with ethyl alcohol and 
sulphuric acid; the mixture of normal esters was crystallised from 
ethyl alcohoi, when ethyl miSt^odiphenylsuccinate (about 0*4 gram) 
was obtained in welhdefmed needles which melted at 140— 141°. 

The crop d (see above) was decomposed with dilute hydrochloric 
)acid; ' the precipitated acid, ester ' (.6 *.8 grams) .melted sharply at 
. X70- — 171°, and waB in., all respects identical, with. othyl .. hydrogen' 
, r-dipheiiyisuccinate' obtained by;- partial. esterification: ..of :the' r-acid. 

yf A. cUon' 'of/ Alcohol on ic-JMpheWylsuccmw Anhydride," 

■ ■ 'r-Bipheiiyisuccinio anhydride (5 grams) was' warmed ' with abso- 
lute methyl alcohol (40 c.c.) at 40° during six hours.' The mixture 
was cooled and the pi'ecipitated acid ester removed; it melted at 
196 198°, and proved to be pure methyl hydrogen r-dipheiiyl- 

succinate. The material obtained by evaporation of the filtrate 
melted at 194 — 198°; the esterification ol the latter was completed 

liiKv.:''' 100-^110^ 
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as usual, but the only substance which ^could thus be isolated was 
methyl r-diphenylsiiccinate. 

Methyl hydrogen T-dipheoylsiiccirmte separates from hot methyl 
alcohol, in which it is sparingly soluble, in small pyramids. It 
dissolves sparingly in, boiling benzene, moderately readily in cold 
ether. It ■ melts at 196 — 198^ after slight previous sintering : 

0*3303 neutralised 17*45 e.c, of 0'06B6 V-alkali. Calc.: 17.47 c.c. 

0*1847 gave 0*4878' CO, and 0*0948 R.O. C-72*0,; H=:5*7. 

C, 7 H 3(..04 requires C~71'8; H = 5*7 per cent. 

The sodifioi salt sepa.rates from its aqueous solution in smal.l 
prisms : 

0*4456 lost (,)*0962 at 100—110^. = 

0|7lT45O4Na,4IT.3O requires HoO—- 19*05 per cent. 

■0-1690 t' gave 0*0385 NaoSO.,. Na-7*37. 

Cj 7 H| 504 Na requires Na.^ 7*50 per cent. 

Action of Anilme on T-Blpheriyliiuccini^ A.nhydride. 

A solution of the r-anhydride (5 grams) in benzene (10 c.c.) was 
added to anilme (1*85 grams) dissolved in the same solvent 
(15 c.c.) ; in the course of a few seconds, a copious, white pre- 
cipitate commenced to separate, and the solution speedily became 
semi-solid. The r-diphenylsuccinanilic acid, which was almost 
quail titativeiy precipitated, melted at 168 — 169®, resolidified, and 
again melted at 226*5 — -229®. It was crystallised from a small 
quantity of warm alcohol. 

T-Diphe7iylsuceinamlie ■ acid separates from alcohol in short 
prisms. It is readily soluble in warm alcohol or benzene, in cold 
ether, or acetone, less readily so in carbon tetrachloride ■ or .light 
petroleum. It dissolves sparingly in cold alcohol or benzene. It 
melts a,nd evolves gas at 173 — 1.75®, .resolidifies' at a slightly higher 
temperature, and again melts at 227®; the ' .observed ' values Aepend 
somewhat on the rate of heating -and,' the diameter of, the tubes' 
used: 

0*1853 gave 0*5163 OO 2 and 0*0939 HgO. C=76*0; H==5*7. 

' 0*3721 ■ : l'3-6 C.C. at 16® and 7^'mm. N==4*3. ' 

■ , ' ■ requires' C==76*5 ; .H=='5*.5y'N=='4;l per cent. , 

, Oonmrsion of r-Diphenylsuccinmiilic 'Acid info BiphenylsuceinaniL 

..A,.. By the. Action /of r-Diphenylsuccinanilio,' .acid was-, 

gradually ..heated ,';to' 230®,. when.'-. complete fusion was obtained.- 
The siibsta'iice' solidified, when cooled, to, a pal© .yellow mass which,. 

■*' Air-dried,,,' '■ t"-'I>ried: at' inO-llOV 
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after being ' crystallised ' from benziene, ' yielded fine, colourless 
needles; these were identified as diplienylsnccinanil from the melt- 
iii,g pomt (229 — 230® after slight shrinkage at 227®) and analysis 
(Formd; ' C=:.80’9,; ,H=:5*2. Calc. :■ 0=80*7; H = 5*2 per cent.). 
Anschiltz.and Bendix (loc, cit.) describe the substance as separating 
from, benzene in .fine, colonrless .needles' which melt at 226-— 227®, 
from acetic acid in larger, shining needles melting at 230 — 231®. 

B. By the AcMon of Ethyl-alcoholic Eydrogen Ghloridc.---Th.B 
acid (1*1 grams) was gently warmed with a 3 per cent, solution of 
hydrogen chloride in ethyl alcohol ; it did not immediately dissolve, 
but, on reaching the boiling point, a copious, crystalline precipitate 
speedily separated. Boiling was continued during four hours, 
during which no change in the appearance of the product was 
observed'. The alcohol 'was removed, and, the residue crystallised 
from benzene, ivhen diphenylsuccinanil (0*7 gram) melting at 
229—230® was readily obtained. 

The behayiour of r-diphenylsnccinanilic acid under these con- 
ditions is thus similar to that of the aniiic acid, melting at 220®, 
described by Anschutz and, Bendix. 

Action' of ^-Toluidine on r-Bi]}henylmccinic Anhydride. 

Molecular quantities of r-diphenylsuccinic anhydride and of 
/>tolmdine were dissolved in benzene and mixed; after a few 
seconds, the solution became cloudy, and in the course of a few 
miiiates, r-diphenylsuccino-^p-toluidic acid was almost quantitatively 
precipitated. The crude substance melted and evolved gas at 
194—196®. It was crystallised from slightly aqueous alcohol. 

acid separates . from,. aq.u eons alcohol 
in small needles . It is readily soluble in hot alcohol, sparingly so 
in hot benzene, and very sparingly so in hot water; it dissolves 
readily in cold acetone or ether, less readily in cold chloroform. It 
melts at 195— -196® and does not appear to suffer decomposition 
.below" 270® : ' ^ 

0*1613 neutralised 6*8 c.c. of 0*0666 A'-alkaii. Gale.: 6*75 c.c. 

0*1850 gave 0*5229 COg and 0*0960 H20. G-7^ H=5*8. 

0*3842 „ 12*8 c.c. Ng at 18® and 762 mm. N=:3*95. 

requires 0 = 76*9; H = 5*9; lSf=,3*90 per cent 

At its melting point, r-diphenylsuccino-^-toluidic acid loses water 
and passes into the tolil (see later).' - . ‘With 'slightly impure speci- 
mens of the acid, this decomposition '■ is very evident, 'and water 
vapour is freely evolved. With the pure acid,' however, some 
external impulse appears requisite to render this effect manitet. 
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Silver r-diphenylmiccino-^-toluidate forms a volmainouSj white 
powder:, 

gave'0-0744" Ag. Ag = 22*72. ' 

, C 23 H 2 oOgNAg' requires Ag=2S*16 per cent, 

M'eth^l x-dipherii^hucein^ was prepared by the action 

of an . excess of inetli 3 d iodide on ' dry silver diphenylsuccino'-i?- 
toiuidate, and was purified by crystallisation from, a small quantity 
of ethyl' alcohol, from'wrhich it separates in well-defined', micro- 
scopic needles melting at 173 — 174*5®: 

0*1395 gave 0*3923 CO. and 0*0807. HgO. C = 76*7; H = 6*5. 

G 24 H 23 O 3 N requires C™77'2.; H=- 6*2 per cent. 

Co-nversion of T-Diphenylsuccino-p-toluidie Acid into Diphenyl- 

succino-p-tolil, 

A, By the Action of Ethyl-cdcohoUc Hydrogen Chloride, — The 
acid '(1*8 grains) was heated under reflux with ethyl-alcoholic 
hydrogen chloride solution (8 per cent.; 10' c.c.). A homogeneous 
solution was readily obtained, from which a precipitate separated 
after a few minutes. The solvent was removed on the water-bath 
and the residue purified by crystallisation from much alcohol. 

Diphenylsuccino-p-tolil from boiling ethyl alcohol in 

long, slender needles which, although apparently perfectly stable 
when dry, frequently crumble to microscopic prisms when preserved 
beneath the mother liquor. It dissolves sparingly in the boiling, 
very sparingly in the cold solvent-; ' it is readily soluble in cold, 
acetone, moderately so in cold chloroform or benzene, and sparingly 
so in cold ether. It, melts at 170®: , ■ ■ . 

' 0*1739 gave 0*6182' CO 2 , and 0*0'884 C=81-3'; H = 5*7., „ - ' 

requires C = 80*9;. H' = 5* 6 per cent. 

B. B'y the Action of The r-acid.- was heated in a ■sm.a.ll 

tube at 195—205® 'during fifteen minutes, ' at, the end' of which 
period the ' evolution of -gas had ceased. The residue was crystal'-' 
lised, from alcohol, from which it separated 'in slender' needles' which 
disintegrated to microscopic; prisms. ■■.It melted ait 170®, and,, was 
thus; identified as diphenyl'succmo-|7-toliL 

■■ '■ The ■ b'ohaviour of r-diphenylsuccino-p-toluidic; acid 'is thus ' "very 
sim,ilar''','to that, of the' ■corresponding: ■an'ilie,,'acid; , it ;"is,,; ,h'owever,' 
curiou'S 'ihat .the' melting point of, the/tblil,' is lower , than that ■of,,, the 
,'tolu'i'dic , acid, ■, whilst the' ' revers'e; ''.is, l.the, , .case „ with the ■' .aniline- 
derivatives. , 
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Action of Alkoli cm BiphenAjhiiccmo-f-toUL 

■DiplIellylsllccillo- 2 ^tolii (5 grams) was boikd during forty-live 
nimutes with aqueous-alcoholic sodium hydroxide solution ; 

40 c.c. Water : alcohol : : 1 : 3) . The sodium salts thus f oinned were 
converted iiito' the barium derivatives, which were separated by 
t'.reatmeiit with water. From the less readily soluble salt, r-di~ 
pheiiylsuccino-i^toluidic acid, melting at 194—195^, was easily 
isolated; the more readily soluble portion yielded, on acidification, 
crude me 6 “odiplieiiylsiiccmo- 2 ?-toluidic acid, which was purified by 
tvrystallisation from slightly diluted acetic acid. 

ni&mTMphenylHccnno-^^ acid separates from alcohol or 

dilute acetic acid in minute, colourless needles, which melt and 
decompose slightly at 206°. It is moderately soliil)l6 in cold methyi 
or ethyl alcohol or in acetic acid, sparingly so in water or hot 
benzene, readily so in ether or acetone, and practically insoluble in 
light petroleum or carbon tetrachloride. When heated at 215° 
during five minutes or boiled with ethyl-alcoholic hydrogen 
chloride, it is transformed into diphenylsuccino-j^tolil : 

0‘1216 neutralised 3 '4 c.c. of .¥/ 10-sodium hydroxide. Calc.: 
■"3'39 c.c.:' 

0'1457 gave 0*4128 CO^ and 0*0804 H.O. C = 77*25 ; H = 6-13. 

■ requires C= 76-88; II ==5*85 per cent, 

The authors desire to express their gratitude to the Research 
Fund Committee of the Royal Society for a grant which has 
defrayed '.a part of the expense of 'the investigation, ; 

Punn ApeTnEio Ohkmistbt ' Bbpabtment, . 

Municipal Technical Instruct, 

Belfast. 1918 .] 


LXXVIL ,-— of 

cmd Air in a Closed Vessel: 

By Riohaed Veenon Wheelbe. 

.When;' an /inflainmable/mixture of .'gas 'and air is ignited' within an 
inflexible closed space, flame travels throughout the mixture in a 
manner and at a speed dependent mainly on the nature and pro- 
, portion,' ;of; i^ ''inflammable' '.'-gasd present The ' manner. ■' in, which, 
the flame spreads through the .mixture 'is affected also by the shape' 
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of the containing vessel and the position of the point of ignition ^ 
and the speed of the flame is' affected by these factors as well as 
by the intensity of the means of ignition and the initial tempera- 
ture and pressure of the: mixture. To such causes of variation in 
the manlier and, speed of the spreading of flame must be added 
mechanical agitation or turbulence of the , mixture, such as is 
induced, for example, -within a gas-engine cylinder during the 
introduction of -the charge (see Dugald Clerk, ‘'‘The working fluid 
of internal-combustion engines/'' G-ustave Ganet Lecture, Junior 
Institution of Engineers, 1913). 

The inflammation of the mixture within the closed vessel, 
inasmuch as it results in the formation of products of combustion 
at a high temperature, causes an increase of pressure. If the 
vessel were impervious to heat, the maximum pressure developed 
would afford a measure of the thermal energy of the products of 
combustion, which should be equal ■ tO' the chemical energy of the 
uiiinflained mixture. 

The present paper -records the results of a study of the in- 
flammation of different mixtures of pure methane and air in closed, 
spherical vessels. The princiiial data obtained were:. (1) the 
maximimi pressures developed, (2) the rates of development of 
pressure, and (3) the speeds of propagation of flame. Details as 
to the manner in which these data were obtained, and of the pre- 
cautions taken to ensure their accuracy, are given in the experi- 
iiiental portion of the paper. ‘ ■ 

Development of Fressure, 

In the table that follows ■■ are - given the ma-ximiim pressures 
developed ^ by ' different mixtures of methane and ■ air when ignited 
within spherical vessels of about (a) -4 , litres " and (5) 16 litres ■ 
capacity, 19*5 and, 31*2 cm. in " diameter, respectively. For com- 
parison, Mallard , and ,Le .Chatelier’s-. determinations (Ann-, des 
Mines, 1883, [viii], 4, ,379), for which they" used a cylindrical vessel 
,17' cm., long and IT cm. m""d,iam6tery are included i,)! t-li© table ■ on 
'",p. , 842 . , • ' ,' ■ ■ 

' These „r,esu!t-s are shown- 'graphically 'in,, Fig. 1. It is ' of - ii:npO"r-t-' 
'- ■ance to "notice that the maximum- pressures" 'for similar' mixtures in-' 
the 4-litre, and' the 16-iitre "spheres, as' determined ,by -"iiite'rpolation,:- 
are, practically identical, ' 

."The ■ values:,- quoted' as ,Malla'rd",'''':and ,„Le,' ChatelieFs are their 
observed- values". (^oc. ett., p.,"-5"09) -They ""-are' rather irregular and 
; are '-, considerably -higher' ,tha'-n. „th0- results ,' obtained for similar mix-" 
" tures-: in, "the 'spheres. This may b© due to impurity of the com- 
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Methane . 
in mixture. 

Maximum recorded pressures above atmosplietic. 

Atmospheres, 

3*86-Litr© 

cylinder 

Per cent. 

4-Litr6 

la-Litte 

(Mallard and 

by volume. 

sphere. 

sphere. 

Lo Chatelier). 

6*05 

— 

2*86 

. — 

6-30 

3*20 

— 

— 

6-80 

5*10 

, — 

5*51 

6-85 

— 

4*35 

— . 

7‘45 

5*64 

— 


7*80 

— 

5*85 

— 

7-95 

6*09 

— 

— 

8-00 

— 

— 

6*63 

8-45 

6*40 

— 

. — 

8-80 

— 

6*66 

" — 

L9-20 

6*73 

- — 

7*41 ■ 

' 9-40 

6*80 

— 

— 

9-60 


— 

7*75 ' 

9*65 

6*90 

— 

— , 

9.-80 

. — 

6*94 

.7*55 

10*00 

— 

— 

7*34 

- 10-10 

6*97 

— 

— 

10*25 

6*97 

— 

— 

10-60 

— 


7*48 

10*75 

6*87 ' 

. — 


10*80 

. — 

6*80 

. ..' — . 

11*20 

— 

— 

6*94 

11*40 

6*73 

, — ■ 

— . 

11-90 


6*40 

— , '-. 

12*10 

6*36 

■ — 

■- — , 

12*50 

.- ' — - 

' 

6*46 

12*80 

— 

5*78 

- — ■ , : 

112*90 

5*78 

— 

. — ■ 

i,l-3*40 

4*80 


— , 

i.13-90 

.3*54 

— - 

— - 


biistible gas used, regarding, \vluch the fact , is recorded (loc. dt,y 
p, 409) thafc.it contained some gas -richer .■'in' carbon than.; methane, 
.The' gas was prepare-d from sodium ’ acetate,, and would' '.'contain 
''ethylene and acetone vapour.- ' ' 

' .. E-eference . should' be ' .made -also ' to. ' some ■ experiments by Eeyling 
'IGMckauf, 1906, 42,'T30), who used a. cylindrical .vessel ol. -42 '-litres' 
'capacity, 33*5 ".cm, in diameter -a-nd 42*5"'Cm,' long. ' .- 'The' m.aximum' 
-.pressure. recorded -as'. produced' by any mixture of . methane 'and air" 
-'was ..6*5.' atmospheres. . -In a. vessel' of ' smaller capacity . (about 
.;l: i..''litre.s)'''fch;e:.('max.i'numi. pressure was the-' same.. 

By r^son .of.' the. shape - of -their explosion- vessel,' 'Mallard '-.and 
Le Chateliet found ' it ' necessary to. introduce a' correctioii for 'cool- 
'ing du'ring" the 'propagation', of." fl'ame, averaging ; ab-out 10 per cent, 
on their',: observed pressures.’.''. If', .ignition -of, an infiammable. -mix- 
.'tn.re.',' ,is:-..'ex.actly at the .. centre of ^ ' -perfectly .spherical ' vessel, - .it",' is' 
probable that the propagation of flame follows regular concentric 
.:sph'eri,cai: '-surf.ac^'';.in,''-'^eu''ch;':':-h^m^ .that ..the .flame'"- reaches- "-''the 
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wails of til'© ¥©ssel simultaneously at all points; for^ except with 
very slowly moving fiames, or, possibly, in very large vessels, it is 
unlikely that convection currents will have time materially to- 
affect th© speed in any particular direction. The whole of the 
mixture is thus inflamed before cooling by conduction of - heat by 
the walls of the vessel can come into play."^ 


Fm 1. 



6 v? '■ S ■ ’■ :: lO'- ' 11 ,12 , 13 U 

Methane in air. Percent. . 


however the vessel: is, not,. perfectly spherical, or if ignition 
is , ' not ''truly 'centraiy',, , flam'© will touch' , 'the walls- sooner at sotr e 
'places' tha,n,, at: ..others,." and' cooling of the, .products of combustion 
will begin before ' propagation , of flame is, complete., The maximum 

'■ '■*' Cooling ," by the, walls, 'before the whole mi'xture „is inflamed, may cause 
■a ne'gligibl© loss of heat'- if ,the hnbniht':mixtnr6 'in oontaet m^ heated 

'by 'compression (due to dilation of the burnt mixture at the centre of the 
vessel:), 
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pressure witliiii the vessel as recorded by a gauge is not tlieii that 
wliich the mixture would exert were the whole brO'Uglit at once' to 
the temperature of combustion. The fact that Mallard and Le 
Chatelier used a cylinder for their experiments, although they 
ignited the mixture at the centre, caused the propagation of flame 
within the, vessel to assume two phases. During the first phase 
the flame travelled from the centre as, presumably, a spherical 
envelope until it touched the walls of the vessel (the height of 
which was equal to the diameter). The second phase then began 
and continued until the flame reached the curve of intersection of 
the ends with the cylindrical walls, when inflammation was com- 
plete, Throughout this second phase, cooling of the products of 
combustion by the walls took place, the amount of cooling in- 
creasing with the progress of the flame, since the are'a of the 
surface of the cylinder in contact with the heated gases increased. 

A correction to be added to Mallard and Le Chatelier^s recorded 
figures for maximum pressures is, on this reasoning, necessary. 
The correction when applied brings the pressures developed by ail 
their mixtures of ^‘methane'' and air from one to one and a third 
atmospheres higher than the pressures recorded in the spherical 
vessels. The question then arises whether a similar correction 
should not also be applied to the latter I'esults—whether, in fact, 
oiie is justified in assuming that with central ignition in a spherical 
vessel flame spreads at the same speed in all directions. Langen 
Mitteillungen u. Forschungsarbeiten aus dera Gebeite des 
Ingenieurwesens,’^ vol. 8, 1903), who used a spherical vessel for 
similar experiments, did, indeed, introduce a cooling correction.’' 
This, however, was oit account of a short, neck, "at the top of , the, 
sphere, to which the pressure-gauge was attached; Langen, assumed 
that throughout, the spherical portion of his,." vessel the flame in 
any given mixture .spread in all .directions at the' Same speed, ■ 

,'In ordei* to test the truth of .this -Buppositionj a' .series 'of ^ 'measure- 
ments was ,' made of the intervals :offitime '''that' .elapsed,' betw 
'ig,mtion and the adve'iit.of, flame -..at the .top ..and,' 'bottom of a closed:: 
vessel-filled' with .different, mixtures.-'of ..'methane -and' air.' ..With' .all 
''mixtu,ree'''containmg'inor6,than,..'7‘5,-and'''lesS'tha'n 12*5 per cent, of 
methane,." the, .time-intervals' for ..upw-ard' and' .for .downward pro- 
.pagation '"." qI,"" flame: were/'identical.- '', They coincided also. 'for' each 
'.mixture' with: the, time that ''e:l.apsed,.."between ignition, and; the attain- 
ine.nt O'f ■ -maximu.m- '..".p.ressu're,, , in;.'- a'”.'. vessel . of ' " .the sam,© dimensions. 

'. With mix,'tures„ '.contaiiimg; less 'than :'7'*5' ,, and', more' 'than 12*5 per' 
cent, of methane, in which the rate of propagation , of , flame is 
; .slow , ; flame: ', reached- ^ ^ .of :,.the .vessel :iafcer than' ' it ,rea,ch©d 

the top by an amount of time which varied with the methane-con-' 
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tent of the mixture. Thns the measiiremeiits for three mixtures 
were : 


Time required for the flame to 
travel 9-7fl cm, from the point of 
ignition. 


Methane in 
mixture. 
Per cent. 
6‘40 
6*95 
13-00 


Upwards. 
0-260 sec. 
0-169 „ 

0-219 „ 


Downwards. 
0-468 sec. 
0-234 ,, 
0-320 „ 


With such inixtureSj therefore, cooling of the products of coiti- 
bustioii takes place before the attainment of the maxmiiim recorded 
pressure^ even in a spherical vessel, hy reason of the-, contact of the 
upper part of the flame with the walls of the vessel before the lower 
part of the mixture is burnt. 

It should be noted that the limits of inflammability of methane- 
air mixtures ignited at the centre of a closed ' sphe-rical vessel are 
5*6 per cent, lower and 14*8 per cent, upper (T., 1911, 99, 2013). 
Tlie pro'gress of the flame in these mixtures is sufficiently slow 'to 
follow by the eye; the flame travels upwards from the spark as an 
inverted cone, fills the upper third of the vessel, and thence travels 
slowly downwards as a horizontal disk to the bottom. 

With the mixtures containing more than 7‘ 5 and less than 
12*5 per cent, of methane, however, no loss of heat through cool- 
ing by the walls before the whole of the mixture has been inhamed 
should arise in a spherical vessel, other than the negligihle quantity 
transmitted by the layer in contact with the walls during the 
interval of time that elapses between its compression by the 
inflamed core (and consequent heating) and its burning. Over 
this range, then, no such correction for cooling as Mallard and 
Le Chatelier and Langen applied is required when perfectly 
spherical vessels; are' used' and ignition is. at the centre. One would 
arrive at the same conclusion from the fact, already noted, 'that, 
the maximum' pressures recorded were the^ same, 'within 1 per cent., 
over, the range 7*5 "to 12*5' per cent. ■' of ■ methane, in ' "the 4-litre as 
in, the 16 -litre -sphere, although the ratio,' surf ace /volume: was 1*6 
'times 'as "great with "the" former as. with the latter. 

. Experiio.ent ' thus, shows- ^ that '■one is -"."-justifi'ed,:, .in' assioning,,,,'' over' 
the "major ■'.portion' -of the'range.-'.of ■■infliamin-abl'e'inixtiires of methane 
■and ',air,, .no- Ioss'.of:' heat;.in a 'spherical ■■vessel' "due to contact of part 
■of 'the" .flame' with .the; 'walls., .''before '"the,- whole of the mixture is 
b'uriit.' ■ '■' ' Yet ■'■■ one ; : 'c.annot^. -.aesume ■■ ■': .that.' -.Ihe maximum recorded 
-.press-iir'e ' in,-' such a ■ ■■' vessel 'giv'es-'- -'a-, ■■measure of '■- the internal energy 
■ of .the' , 'products of combustion, which;' .should be equal to the 
.chemical energy of the uninhamed mixture, or, in other words, 
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tliat th© pressure recorded is tliat wliicli would be attained were 
tli-e vessel inipe^rvious to beat. 

Apart from loss by radiation during the propagation of flame, 
it must be remembered that at the moment when the vessel is Just 
filled with flame (that' is, at the moment of maximum recorded 
pressure in a spherical vessel), the |)roducts of combustion are not 
ill thermal equilibrium (see, in this connexion, the First Report 
[1910] of the Committee, appointed by the British Association, for 
the investigation of gaseous explosions). Hopldnson, Froc, Boy. 
Foc.y 1906, [A], 77, 387) has shown that at the moment of maxi- 
mum pressure of a mixture of coal gas and air, the temperature 
around the point of ignition at the centre of a cylindrical vessel 
was several hundred degrees higher than the mean temperature 
(as deduced from the pressure), owing to adiabatic compression of 
the products of combustion there during the burning of the 
renmiiider of. the mixture; whilst at the sides and ends of the vessel, 
where the gases were compressed before ignition, the temperature 
reached was as much below the mean. 

If the volumetric heats of the gases comprising the products of 
coimbustion were constant at all temperatures, the attainment of a 
uniform temperature within a closed vessel by convection and con- 
duction would cause no alteration in pressure; but inasmuch as 
the volumetric heats are not constant, being perhaps half as great 
again in the hottest as in the coldest part of the gaseous mass, the 
attainment of thermal equilibrium should be attended by a change 
of 'pressure. ' ■ 

During the time that thermal equilibrium is being established, 
after complete inflammation has taken/place, the cold walls' of .the. 
spherical containing , vessel arc'. everywhere, in contact , with ; hot 
gases, so that simultaneously . with any increase '.in pressure "that 
might 'result from the equalisation of the temperature differences 
.within, the gaseous mass, there is .-a reduction of pressure due to 
■loss :of heat by conduction. This loss, and radiation losses during 
'■the same period as. well, as. during the propagation of flame, combine 
to . render '' the ' recorded prassures lower than those representative 
of the chemical energy of the uninflamed mixtures. It is difficult 
"to 'make ""even a rough calculation of the 'change. '■ of pressure that 
should occur owing to the establishment of thermal equilibrium, 
because of lack of knowledge of the distribution of temperature 
within a spherical vessel at the moment of complete inflammation. 

.. ;It.'i's,',possible;' ;hbw'ever,,; ,,,if ''.'.'certam 'assumptions.^ are invade, , to obtai'n',, 
some idea of the order of magnitude of the. pressure .'change' 'from 

.:';te:;examin|M:on^hf ',' "■;. 
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are shown in Fig. 2, whilst in Fig. 3 are given diagrams for 
niixtiires of nearly' the same methane-content, the one (9*65 per 

Fig, 2. 



Timet seconds, {Time 0 = time of ignition.) 

cent, methane) in the 4-iitre and the other (9’80 per cent, methane) 
in the 16-litr6 sphere. These diagrams are reproduced on a 

Fig. S. 



Timet' seconds , ; {Tiw :0=^iime ■of 'd>gnitim<.) . ■ .. 

'different ■ scale, "from, ■ / the ^ 'actual :;:.r'ecords- : of , the , indicator , :in' : ' ^the 
manner described in the expedmeatal portion of this paper. 
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ExamiBation O'f these curves shows that each ■ exhibits three 
stages of development. Baring, the first stag© the pressure 
increases proportionately with the time,' during the second it 
remains constant, and during the third it gradually decreases. 

The first stage, during which the pressure increases, corresponds 
with the propagation of fiame within the sphere; as will be shown 
later, the maxiniuni pressure for all mixtures containing between 
7*5 and 12*5 per cent, of methane is attained siiiiultaneously with 
the a.dvent o-f flame at the boundary of the mixture. For inixtures 
containing less than 7*5 or more than 12*5 per cent, of methane, 
the attainment of maximum pressure synchronises with the advent 
of flame at the top of the vessel. 

The last stage, the beginning O'lily of which is shown in each 
diagram, represents the cooling of the products of combustion. 

The second stage, during which the recorded pressure remains 
constant, may represent any or all of three possibilities: (1) The 
occurrence of successive stages in the combustion of methane, the 
mechanism of which,, can be represented by the equation 
'CH4 + O. = (CHoO .HgO) = CO + 

with subsequent burning of the carbon monoxide and hydrogen if 
oxygen is in excess; (2) exothermic secondary reaction between 
carbon monoxide and steam (compare Bone, FhU, Trans. ^ 1915, 
[d], 215, 318); or (3) the equalisation of temperature differences 
within the gaseous mass, with consequent increase of pressure due 
to change in the volumetric heats of the products of combustion. 
The duration of the period of constant pressure varies with the 
composition of the mixture of ' methane and air, the time intervals 
being : 


Metbane, per cent. 

Duration of period 
of constant pressure 

7*45 ' 

0*031 sec. 

7»9,5'- 

0*026 „ 

8-45 

0*024 „ 

9*20 

0*016 „ 

-, , 9-40', 

0*010 „ 

9-65 

0*009 „ 

lOdO 

0*010 „ 

10*25 ■ 

0*009 „ 

'10*75- 

0*013 

11*40 

0*018 „ 

12*10 

0*024 „ 


' . ; ' These figures ; are not ,, consistent with either of . the ' suppositions 
(1)'. and ',(2) given 'above;,' for, if stages in^the'combustionnf iB'e-thane 
are,,,, indicated by, the,, period of 'constant' pressure, one would' expect 
that period torbe shorter,, 'the .greater. ■the: excess" of,, oxygen p:re'Seiit 
in the mixture,, ,; 'whi'Ist "the -occurrence'', of .,the, ,'exotherin:i'C" secondary 
reaction between carbon monoxide and'- steam /should be most, pro* 
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no » need wiieir there is excess of methane above that ref|iiired for 
complete conibiistion to carbon dioxide and steam. 

On the other hand, the figures support the view that the change 
O'! volumetric heats of the gases during the attainment of thermal 
■ec|uilibriuni is responsible for an increase of pressure balanciiig a 
decrease due to cooling ; for the duration of the ' period of constant 
pressure is shorter the higher the pressure attained, that is t0‘ say, 
the higher, the. mean temperature of' the products' of combustion. 
Moreover, reference to Fig. 3 s.hows ■ that the period of constant 
pressure for mixtures of ■ about the same methane-content' was 
nearly twice as long in the 16-litre as in the 4-litre sphere. 

'.Let us, then, assume that 'the second stage in the time-pressure 
diagrams represents a balance between a gradual decrease of 
pressure that begins as soon as inflamination of the mixture is 
complete and is due to cooling by the walls of the vessel, and an 
increase of pressure incident at the same moment and due to the 
gradual attainment of thermal equilibrium. Mallard and Le 
Chateiier have shown (foe. cit-, p. 454, and Plate XIV, Fig. 8) 
that the cooling curve for the products of combustion of methane 
and air is a straight line. It is therefore permissible to extend 
the cooling curves of the time-pressure diagrams backwards, as 
shown in Fig^ 3. The portion of each curve representing the pro- 
pagation of flame within the vessel is, after the initial impetus to 
the flame given by the source of ignition has died down, also 
nearly a straight line, although there is a slight diminution in the 
rate of development of pressure just before the maximum is 
reached. A line drawn extending the straight portion of this 
curve so as to cut the prolongation of the cooling curve should 
give, within a close approximation, the pressure that would be 
attained after the complete inflammation of the mixture did no 
cooling take place. This has been done for the two curves in 
Fig. 3, from which it will be seen that- the. '‘''correction'" ' amounts 
tO', at most, 3 per cent. 

; :.The validity ■ .of ■ the ■ assumption, that such . a c.orrectio,n can' and; 
s,houId . be applied' might be tested- -if,- means co.uld' be' "-employed to 
ensure a' rapid equalisatioB of the temperature; differences ,, within 
:the -.vessel at the m'oinent of complete''i'nflamm.a.tioii., Ex,p€rimenfe' 
made,, in the , 'course ,'of ' ' another - investigation (see *■'. Third Report of 
;the'.,E.xplosio'ns in- Mines- 0om'mittee,"', p'. .26, London, ,.i91'-3), during 
., which' "a-; ■ ..small "'fan,' was- rapidly revolved,,: ' within the .sphere, may 
serve, ", to^ ■ illustrate ■ the-' eff-ect.',.' -of. ''.'aiding' '.convection , currents. The 
fan -had "four, helicarblades-’ and,. was,. run .at the rate o'f ' lOd revolu- 
-.tions ,:„per' second. The results of- a':.-pair '.of experiments, one with 
,-and the O'ther without the fan, using a mixture -of ethane and air 
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containing 4*06 per cent, of ethane, are shown in Fig. 4. The 
maximiiiii pressure recorded when the fan was revolving ' was 
higher than when the mixture was at rest by 0“23 atmosphere, an 
ammint a little more (0*07 atmosphere) than the ''correction'' 
obtained in the maimer described. This diagram illustrates also 
the effect O'f turbulence oi the mixture on the speed of iiiflamina- 
tioii, an effect already noted by Dugald Clerk and Hopkirisoii. 
With the fan running, the time taken, measured from the moment 
of ignition, for the attainment of maximum pressure was 0*0362 
sec.; without the fan, it was 0*1244 sec. , No doubt the higher 
pressure reached in the former experiment was in part due to 
smaller radiation loss during the more rapid propagation of flame. 


Fra. 4. 



Whatever the . cause of evolution o-f heat, the horizontal portion 
of the time-pressure diagram represents a balance between heat 
evolved after flame has travelled throughout the mixture and heat 
dissipated, and the correction to be applied on this score cannot 
exceed the quantity deduced by extrapolation of the cooling and 
propagation cuiwea. In Fig. I are shown the "corrected" 
;pressnp^tlca';V:miM^ range 7*5 to 12*5' ■ per ■ cent. ' of 

methane, together with the calculated maximum pressures those 
mixtures should produce, taking Langen’s values for the specific 

■ 'uo:'' 'loss^ "'of\ i heat'' /'hy, 

■ . '.The. ,calculapd>l alueSS per:;Kceht.; ;; 'greater,;, '.^than' tb'C'^ 
'.observed '.over 
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correctness of tlie values taken for the specific heats of the gases, 
must be due mainly to loss of heat by^ radiation during the pro-, 
pagation of , flame in the spheres, for it has been shown that up 
to the time of attaiiinient' of maximum pressure flame' does not 
touch the walls of the vessels,* For information regarding the 
probable loss of heat by radiation, only the results of Hopkinsoii 
(Proc. Bo^p. iS'oc., '1911, [J.], 84, 155) with mixtures of coal-gas 
and air, and of David {Phil, Trans, ^ 1912, [.4], 211, 375) with 
coal-gas-air and hydrogen-air mixtures are available, and direct 
comparison of these with methane-air mixtures cannot be made. 

It has been shown, however (David), that up to the time of 
maximum pressure (attained in 0*05 sec.), a 15 per cent, coal-gas- 
air mixture radiated about 3 per cent, of its total heat of com- 
bustion, the maximum temperature reached being 2400*^ abs. A 
25*4 per cent, hydrogen-air mixture, which developed the same 
maximum temperature, ra,diated' about 0*5 per cent, only of its 
total heat of combustion up to the time of attainment of maximum 
pressure (in 0*017 sec.). T tie coal-gas used prohably contained 
about 50 per cent, of hydrogen and 35 per cent, of methane (and 
other hydrocarbons) ; it is known that the radiation from the mix- 
tures is due almost entirely to the steam and carbon dioxide that 
they contain, and that carbon dioxide has a radiating power about 
2*4 times that of an equal volume of steam (R. von Helmholtz, 
‘‘Die Licht- und Warmestrahlungverbrennender Gase/' Berlin, 
1890); an estimated loss due to radiation of about 10 per cent, 
of the total heat of combustion during the propagation of flame 
in the mixtures of methane and air may. therefore be not far from, 
the truth. 

Propagation of Flame, 

Each of the time-pressure diagrams show,!! in ' Figs. ,,'2 to '4 has 
been,, plotted , with the time of passage' of the secondary discharge' 
that caused, the .ignition of the mixture aS'ZerO' time.;, ' It has been 
assumed ' by the majority ,of ' experimenters ■, on the, inflammation; ,of' 

,' gaseous ' mixtures in , closed vessels that the - time , ' of ■ ignitimi 
''.synchronises with the time, of first .manifestation of pressure ,'O'n' the" 
"■indicator :'or'' gauge. ■ ' Bairstow -'.and Alexander (Proc. ■ iSoc., ■. 
'■1905','' '[A], ,'76, ,340), found,, however,, that this was 'not so in. the'ir 
■experiments ; with, mixtures’ of'..coal-gas and, air; and, it'' is ■. apparent 
fro'm' the diagrams ■ for.' methane-air ■mixtures' given in this paper 
■: that. ' .'.'there ," ■ is' ■ 'a;. ' 'definite, ,, interval. ■■„.;■'■ of' time, " ■ ' the ' . length ..of ','■ .which'' 
depends on. the^ composition - of the mixture, between the ignition 

^ A slight amount of' ■.■<?ooli33g,:,^iiO'’ doubt , arises through eohduoMon of heat 
'.:;;by ■the .'©lectrodesi '4','' 
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of fclie .mi,xtiire at' the' centre o.f a spherical .vessel a'lict 'the 'i'lrs't 
;:i p pea'r a in' e o'f pressure o-n an; indicator .fixed at the to'|:). 

In order to be able to trace the progress of the ilame within 
the vessels froni the ti,me- 2 :)ressure diagrams, records were take'ii of 
the time that elapsed between the 2 :)assage of an. electric spark at 
the centre of a closed vessel . containing different mixtures of* 
.methane and air and the aj^pearance of flame at a point 7*5 cm. 
vertically upwards, in, the manner described iir the experimental 
portion of' this paper. The time-intervals calculated for_a distance 
of 9*75 cm. were fonD.d to correspond closely with the times taken 
for the',' development of the ,maximum pressures in similar mix- 
tures in the '4-li'tre sphere (radius, 9*75 cm.), as the following' table 
4-Lifcre sphere, 1 6 -Litre sphere. 

ITime Time 




.Time ' 

between 


between ,'. 



Time . 

between 

ignition 

between 

ignition 



taken 

ignition 

and 

ignition 

' and 

' ■ Mean 


for flame 

' and 'first' 

attain- 

. and 'first 

'atta,in- ' 

speed 

Methane 

to travel 

appear- 

ment of 

appear- 

ment of 

of 

' 'in ' 

9*75 cm. 

ance of 

maximum 

ance of 

maximum 

flame. 

mixture.' 

upwards. 

'pressure. 

pressure. 

pressure. 

pressure. 

Gm. per 

Percent. 

Seconds. 

Seconds. 

Seconds. 

Seconds, 

Seconds. 

sec. ■ 

■ 6-05 ' 

, . — 

' '.| — ■ 


0*4233 

1*0370 

' 16 

6-30 

' — 

0*1800 

0*3484 

. — ■ 

' — 

28 

640 

0*260 


, . 

— 


37*6 

6*80 


0*1080 

0*2160 

— 

— 

45*5 

, 6-85 


,. — . 

.■ — 

0*1830 

0*3877 

40 

6*95 

0*169 

— 

— 

' — - 

— 

58 

' 7^,45 


0*0690 

0*1302 

— 

— 

75 

7*80 

0*110 

— , ' 

— 

0*1021 

0*1680 

'89, 93 

7*95 

— . 

0*0674 

0*1084 

, — 


.90 

. ' 8*45 

— . 

0*0484 

0*0878 


, — 

111 

8*60 

0*083 

— 

— , 

— 


117*5 

„ 8'-8'0 

, .' — 

— ,' 

— 

0*0713 

0*1206 

129 

'9*00, 

0*074 

— 

— 

— 

' ' — 

132 , 

9*20 

, — 

0*0428 

0*0720 

— . 

— ,. 

132 

,9*40 

— . ' 

0*0392 

0-0707 

' — 


,138 

■ 9*65 

— . 

0*0382 

0*0696 

,' . — 


140 

9*70.. 

0-068 

— 





" 143*5 

„'9*80 


— .. 


0*0623 

,0*1080 

144*5' 

'-10'*00 

0*068 

. 


' — - 


143-5 

■■ .10'*10 


0*0383 

0*0684 


,'. ' . — ' ' 

142*5' 

40*25' 


0*0382 

0*0682 

: — , 


.143 . 

10*75 ' 


0*0395 

0-0716 

■ — . 


' 130 

'' 10*80 '" 



, . ' . 

0*0665 

0*1130 

138 

'.'ll'*00'.'',..' 

,.',■0*074 ' 

— ,. , 


, , ' 

— 

'1'3'2' , 

'11*40 


0*0498 

0*0870 

— 

, — , 

"112 

11*90",' '■ 



. — 

0*1000 

' 0*1640", ' 

'95 .' 

, '12^*00 ' 

0*099 


— ■ 

. — ■ ■ 

'■ 

.'.'98*6', ', 

.12*10,', ,' 


0*0694 

0*1164 


, — , 

87':', 

12*20 " 

0'*120 

", — ^ , 


.' ' „ ' 

' 

, '81 , 

.42*80' 




0*1320 

" 0*2800 

"."'5.0".' 

12*90 

", 

0*1150 

0*2120 

■■ ««, ' 

' ,, 

'': ^.46.::., 

."'.,'.':,13*00' ''. 

'„ 0*'2',1:,9' 

— 

. ' 



"'44*'5„ ", 



0*1600 

0*3470 



2.8 

''.,;'',';':T3*.'90"','':'" 


0*2150 

0*5700 

; , :.p'. 


17 
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sliows. In tlie same table are given the time -intervals between 
ignition and the attainment of maximum pressure in the 16-litre 
sphere (radius, 15*6 cm.) and the' calculated mean speeds of the 
flames in cm.' per second. 

The co-rrespondence between the time taken for flame to- travel 
from the -centre to the top in the spheres -and the time taken for 


Eig. 5. 



B S 1-0 12' 14 

Methane in air* Fer cetd. 


the - attainment of -tli^' maximum- pressures is perhaps best, shown 
''in'' Fig. ' 5, 'where .the mean speeds of the flames, in' cm. per sec.j 
.are '..plotted,, against' percentages, of methane in- the mixtures', 
.'diff'erent symbols being -'used according as th.e points,' on- the-'- curve 
are' ,.(1)' ■ actual' d'eterminations ^of' the rate of travel ', ' of - flame,' 
.'(2) calculated- .'from ; the tim-e-interval'. ' between ignition;, '.and' -"the 
.'-a'ttainment ' of - maximum . pressure '-m'-.the.'dditre 'sphere,' or : ('3)-: -calcu- 
-''VO-L. cxm. ■ ■ - . ’ 'i' K' 
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lated from tli© time-interval between ignition and tlie attainment 
ol niaxiiimiii pressure in the 16-litre sphere. 

It is of interest to compare these speeds with the speeds during 
the ‘'iiniforiii movement'' of flame in similar mixtures (see T,, 
1917, 1:11, 1044), although the conditions under which propaga- 
tion takes place are different. The shapes of the speed-percentage 
curves for the two modes of propagation are similar, the speeds in 
each exhibiting maxima over the range 9*5 to 10*5 per cent, 
methane and decreasing regularly on either side of this range. 
The speeds are, moreover, of the same order of magnitude (com- 
pare, for example, the speeds during the uniform movement of 
flame in a tube 30*5 cm. in diameter), in which connexion it may 
be noted that the high speeds recorded by Mallard and Le C%atelier 
for the propagation of flame in mixtures of methane and air in a 
closed cylinder {loc, cit., p. 464) are due to those authors regard- 
ing the first indications of pressure on their time-pressure diagrams 
as coincident with the times of ignition of the mixtures. 

If it is assumed, for the sake of calculation, that the flames in 
the spheres travelled at the observed mean speeds from the point 
of ignition, it is found that in the 4-litTe sphere no pressure was 
indicated until the flame had travelled from 5 to 5*5 cm. (the 
calculated distance is remarkably constant over the whole range 
of mixtures), whilst in the IG-litre sphere flame travelled from 
9 to 10 cm. before any pressure was indicated. That is to say, 
over the range 7*5 to 12*5 per cent, of rnethaiie, where the flame 
is propagated in all directions at the same speed, about one-fiftli 
of the mixture had been inflamed in each vessel before any indica- 
tion of pressure, was. obtained.. 

E XPEEI MENTAL. , . . 

' .'/f he 'Meamremmt o*/ The spheres, 19*5' and 31*2 cm. 
in '.diameter respectively, were machined castings', of bronze. . :A 
section of ' one „of them — both were ^ of , the ' same design— is. shown 
iU 'Eig.': 6.' '".'The; sphere' is ■ cast : in'-.two halves bolted Together witli; 
a; .loose ring ., of, ', copper as ■■''washer. ' ■ .'It is pierced , at : the ■ 'top, 'by ■ a 
hole carrying fixed' sleeve of hardened 'steel, highly .polished, the^ 
internal diameter of which is 12*75 mm. A hollow piston of 
hardened steel is ground and polished to fit the sleeve; the surface 
of the piston on which the pressure within the vessel acts is 78*5 
sq. mm., the piston being prevented, from passing through the 
sleeve by a thin ring of steel at the base thereof. Other fittings 
are: (a) a valve for exhaustion and the introduction of the in- 
flammable mixture, (h) insulated electrodes reaching to- the centre, 
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(c) a small window of quartz, and (d) ,a removable shaft carrying 
a small broad-bladed fan. ■ The last-named was removed during 
all the experiments, described in this paper, save the one wherein 
the use of the fan is specified. .The fittings on the sphere for the 
piston, valve, and quartz window are flush with the inner surface, 
which is highly polished. Both spheres were made by Mr. C. W. 
Cook,, of the University Engineering Works, Manchester. 

The manometer is a triangular plate of tempered steel 2*6 ' mm, 
ill tliick,ness, the base of which is clamped, the apex making con- 
tact ivith the hollow piston in the sphere by means of a loose rod 
of steel, the lower end of which rests in a conical depression at the 

Fig. 6. 



centre of the base of the : piston, . whilst the ,uppe.r end .rests in a.' 
■similar ' depression in the .spring. A thin strip of '.steel is attached 
to. the, apex, of the spring' and carries, a' scribing,, style,, which. restS" 
lightly . against the surface, of a 'smoked, paper band.pn'a drum 
revolved hy an electric ..mo'tor. 

' With,' this .fo'rm of spring., the' 'maximum ktrain ' is the , same at 
alt' cross-sections,, and ',th'.e inertia is '.small p 'since it.'is, the narrow 
part of the spring .which 'moves '.m,c^t' and,' the wide part' least. .. .'...The 
deflexion 'Of the 'scribing, 'style, '...equivalent to , a.; pressure,,;.: ■o,'f.,,,^o 
atmosphere, applied to the piston is 1*38 mrn. The period of the 
indica'tor'ts :l/'25'(}-seG.'''.'',''''"''^' 
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Til© gra|)lis produced by tli© scribing style on tlie sinobed-paper 
chart (wliicli receives also a record of the time ol.‘ passage ot the 
secondary discharge spark used to ignite the mixtures and the 
trace of an electrically driven tuning-fork making fifty vibrations 
per second) are measured, after fixation of the chart in a bath of 
weak spirit varnish, by the aid of a specially designed apparatus 
(s6© Record of First Series of the British Coal Dust Experiments/’ 
p. 75, London, 1910), consisting essentially of a anicroscope with 
fine cross-wires in the eyepiece and a drum mounted on V -supports 
ill which it can rotate or slide laterally. The circumference of the 
drum is divided into millimetres and rests against a vernier, whilst 
lateral movement of the drum is measured by means of a micro- 
meter screw with a divided head. 

Method of Conducting an Experiment. — -The sphere having been 
assembled, it was exhausted of air to within a few mm. of mercury 
by means of a Gaede mercury pump, and the mixture to be experi- 
mented with introduced. Each mixture was prepared in an 
18-Iitre glass gas-holder over glycerol and water, well shaken, and 
allowed to remain during six hours, and analysed before use. The 
secondary discharge used to ignite the mixtures was obtained from 
a '‘10-inch ’^ X-ray coil by breaking a current of 10 amperes in 
th© primary circuit, the trembler being locked! The discharge 
passed across a 10 mm. gap at the centre of the sphere, and simul- 
taneously a record of its passage was made on the smoked-paper 
chart on the revolving drum. 

Speed of Froimgation of Flame. — Measurements of the speeds of 
propagation.' of ' flame were obtained for a series of mixtures by 
recording the time of passage of the secondary discharge used to 
ignite them at the centre of the vessel and the time at which short 
screen wires ' of ' copper 0'025 inm, in diameter, stretched at ,a 
■.distance of 7*5 cin. vertically ' above and below the point of igiii- 
'tion,,. were melted. The screen wires carried an electric current of 
O' 5' ■ampere at ' 4 volts and'W’'ere in series with the electromagnets 
■of 'delicate, Depres: indicators, .the latency' or ‘Xime-lag^’ ,of which 
'was' lound. tO' be- negligible.- '(The '' armatuie.s,, carrying., aluminium 
styles for recording on the smoked-paper chart, moved freely with 
a current of 0*1 ampere at 1 volt.) 

Calculation of Theoretical Maxim%im FressiireB.~^OT the purpose 
: of'' calculating the theoretical "..■maximum. 'pressures that ,, should, be 
given by the different mixtures,- 'it- was 'necessary , to obtain i-iifo,-nna- 
tion as to the proportion of the methane completely burned to 
form carbon dioxide and steam at the time of attainment of maxi- 
mum pressure, more particularly in those mixtures containing 
;;,';,;exGesS;Vof,--m'ethane..:^^ '% ,', of , experiments '■■was,' '''mad©' 



857 


MBTHAKE AIR IN A CLOSED VESSEL. 

in wliicli a capillary tube of copper, fitted witk a tap, was fixed 
tbrougb tke side of tlie 4-iitr6 sphere (in place of the quartz 
window). The tube projected 4'8 cm. within the sphere (that is, 
midway between the centre and the circumference), and outside the 
sphere, beyond the tap, it was bent so- as tO' dip belo'W the surface 
of mercury ' in' a trough. A gas-collecting tube of 25 c.c. capacity, 
filled with mercury, w^as inverted in the trough over the end of the 
bent tube. 

The sphere ivas filled with the infiaininable mixture in the usual 
manner, enough gas passed through the copper delivery tube to 
displace the air therein, and the tap closed. The mixture having 
been ignited, the tap was opened at the moment of attainment of 
maximum pressure by revolving it rapidly through' 180 degrees. 
Diiriiig the short time that the tap was thus opened, the pressure 
within the sphere forced out into the coliecting tube between 5 and 
10 c.c. of the products of combustion, a quantity sufficient for 
accurate analysis. 

The results of the analyses, after making a correction for the 
unburiit mixture contained in the capillary tube, were as follow: 

Methane in 


original Analysis of jii’oducts of combustion, 

mixture. — - — — ^ — 


Ter cent. 

CO.. 

0.. 

CO. 


" ' GH,. 

7*'{)0 

: 9-25. 

3-82 

0-15 

. nil 

nil 

9*40 

11-14 

0-74 

0-26 

nil 

nil 

9-90 

10-66 

0-13 

M2 

0-40 

0-24' 

10-00 

10-86 

0-04 

1-08 

0-68 

0-04 

10-70 

9-04 

nil 

3-63 

. 2-21 

0-10 

11-05 

9-00 

nil 

3-44 

' 1*95. 

0-23 

12-10 

8-09 

0-07 

5-85 

4-00 

0-07 

12-90 

6-08 

0-05 

7-78 . 

6-73 

0-36 

13-90 

5-45 

nil 

8-95 

9-45 

1-00 

14-70' . 

4-13 

nil 

9-85 

11-15 

0-61 


These results should be compared with similar 'analyses of “ flame 
gases ’T obtained during the propagation of flame in upper limit 
mixtures with air and with mixtures of oxygen and nitrogen con- 
taining less. oxygen than air (T.., 1914, 105, 259'6). The per- 
centages the total 'methane in the., .original iii'ixtiires burnt to 
form. 'ca.rbon„ dioxide and steam ■ are plotted against the rati os 
Q 2 lCii 4 ^^in the original mixtures in Fig, '7, which includes' also, the 
results" obtained with the upper limit; mixtures. From the ' curve' 
SO' obtained, it' is possible 'to; e.stimate for any ■ mixture of .' methane 
and, air,' with sufficient accuracy ;for, the- -.cakulation, of, the heat.' 

' developed, the proportions ill 'w,hi'ch -the reactions : ' 

'';CH^ + 2''0,rr:C02 + 2K3.0+191,^^^^ calories "(1)', 

„ .CH4-f 0.3=='00+.H,2''+^'H.0'''^^^^^^ calories "(2) 

can " 'be assui,ued to have, taken' |,)lace' 'during, ' comb 'ustioii . 



858 A¥He:e:l.e:r, : thi¥ inflabimatiok mixtureSj etc. 


The calculation is as follows. The mixtures being saturated 'with 
water vapour at 15°, the original pressure of the mixture is 0*983 
atmO'Spliere, with 0*()17 atmosphere of water vapour. The final 
pressure, if the gases are cooled to 15° without coudeiisatioii of 
steam, is equal to the original pressure plus the partial pressiire of 
any Tiiethaiie burnt according to equation ( 2 ). 

Ijct () be the heat of the reaction, then 

where PCH 4 is the partial pressure of the in ethane burnt (corrected 


Fig. 7. 



.Percentage of methane burnt appearing steam* 

foar dlie 'presence of water vapour),; a and r-epreBeiit the' propor- 
tions burnt according', to-' equations; '( 1 ) ' and, ( 2 ) respectively, and 
'y ami, '^^dhe corresponding. heats of .combustion. 

.The risG: of, temperature, is. ;given'''by ''the 'equatmn 

. , <3?H2+S’d24-’i>f7+pCO)(4*8To*0006«),^‘PC02(6-74-0*0026ty+pIi:id(^^^^ ,' ' ■ 

Where 'Unbunit', methane remains in' ''.the mixture .'a term' for 'the 
specific heat of methane, appropriate -,. .to the temperature, reqiures 
icy he introdnccd in the denominator on the right-hainl side of thf' 
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Tlie absolute pressure, P, is given, in atniosplieres, by tiie 
equation 

Tlie majority of the experiments described in this paper were 
carried out during 'the .winter of 1912 with the assistance of Mr. 
M. J. Burgess. For the experiments on the speeds of propagation 
of fiairie, as w^ell as for assistance in checking some of the earlier 
results, I am indebted to Mr. W. .Mason. 

Eskmeals, 

Ctjmbeblaxd. [Eeceivedf August l'2th, 1918,] 


LXXVIIL — A Synthesis of isoBrazilein and Certain- 

Related Anhy dr opyranol Salts. Part 
By Herbert Grace Crabtree and Kobert Robinson. 

Although accumulated evidence decisively establishes the consti- 
tution of brazilm, it must be admitted that the necessary argu- 
ments are somewhat intricate, and consequently the problem of 
the synthesis t of the substance and its more important derivatives 

* The original intention of the authors to publish this research as a single 
eommunicatioii has been revised in view of the very considerable delay which 
has been caused by their inability to complete the experimental work under 
existing conditions. They have reserved for Part II. a description of the 
homologues of the methylated tsobrazilein salts, and also the intermediate 
product in the synthesis and the identification of the synthesised fsobrazilein 
with that obtained from braziim. It is hoped that the method of s3iT3.thesis 
of wobrazilein may prove applicable also to the synthesis of tsohiematein, 

t Pfeifier and Grimmer in a communication (Ber., 1917, 59, 911) bearing 
the rather ' misleading title, “'The BrazxHn Question,** have announced their 
intention of attacking the pmbiem of the synthesis of brazilin and "its' deriv- 
atives, but. are apparently Unaware -that .the method 'they propose to employ 
lias, already been indicated, by Perkin and. Robinson (P., 1912,: 28, .7). The 
former ''authors have .so ' far obtained 3-.anisylidene-7-methoxy-2 : 3-di'h.ydro- 
1 :'4“b'enzopyi'one, W'hereas the latter -prepared- a nearer .relative of' brazilin, 
namely, 3-veratryliden.e-7-inethoxy“.2 ; B-dihydro-l : .-4-benzo'pyrone, andst-ate'd 
.'that 'they "had made obse.rva'tions indicating the probability that the'substan'ce 
could be converted .into a derivative of 'brazilin. ' This' veratrylidene compound,' . 
was later prepared in larger amount 'and-.- in a purer, condition,- and the research 
was' 'elaborated in various directions,- although .a 'number of' circunostances. 
have -combined to retard the -'Gompietion" of 'the work. , There' has, -however, 
never bee'ii' any ■ intention of abandoning , 'a:; line .of '.investigation 'which , 'has 
'.always' been regaiddd as- likely to lead' to a 'synthesis, .of liimethylbrazilin.— 
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retains considerable interest'. Perkin and llobiiisoii. (T., 1908, 93, 
515) have already synthesised brazilinic acid and the lactone of 
diliydrobraziliiiic acid, substances containing all the carbon atoms 
of- braziliii, but in which the chroniane and hydrindene rings are 
ruptured as the result of oxidation. Up to. the present, no brazilin 
derivative has been synthesised that contains the characteristic 
fused ring system of the parent compound, nor does this skeleton 
occur in the molecule of any substance not itself obtained from 
brazilin or hsematO'Xylin. We are now able to describe a simple 
method of synthesis of the i^fobrazilein salts, a result which 
harmonises with previous work and confirms the correctness of the 
view that brazilin is to be represented by the formula I. 

O 0 


hP\/C.OH 


\A/ 


•OH 

V 


Vd 

\- 

_/ 


/ 

\ 

V/ 

\_ 


OHOH 

HO 

0 

(I.) 

(II). 



As is well known, brazilin, is converted by oxidation 

into the qiiinone brazilein, GJQH 12 O 5 (II), and the latter was found 
by Hummel and A. G. Perkin^T., 1882, 41, 367) to be trans- 
formed by mineral acids into' a series of bright, orange-red salts 
which were called the 7-?fobrazilein salts. i&'oBrazilein hydrogen 
sulphate has the composition Cj_(.H 3 | 04 *HS 04 . Subsequently, these 
derivatives were examined by Engels, Perkin, and Robinson (T., 
1908, 93, 1121),' who devised . methods for the prepiaration of the 
methyl ethers of the salts and recognised the relation of the series 
to the anhydropyranol or, pyrrylium oxonium salts. The consti- 
'tntionai .formula III ami ■ IV w.ero assigned' to Aobrazilein 
hydrogen sulpliate and to the trimethyl ether' of Aobrazileiii ferri- 
chioride respective'ly, ,(/oe. eii,). 


, Engels, /Perkin, and , Robinson. (Zoc, ■ C'ii.) did not, give names to these 
ethers', which/conld be, used to show their- relation to brazilin. " The difiienlty' 
,,,is' that.Mobrazilem, which is 'really an%dIrobrazilein and' a qtiiiione', contains 
only two' hydroxyl groups and can -yield .only a dimetliyl ether. The forraa- 
- t^n ,of a ..salt' produces a 'further hydroxyl .group. from the quinonoid ' oxygen 
, a.bove, and,,.it„is pO:8s.ible,tO'h,ave a trimethyl -ether of the salts. ■ For* this 

, reason, it'Is-necessaryto.speak of iaobrazilein.ferrieMoride'trunethyletheiv'and 

.not of, what at hrst,,'., sight appears more:'nateal.,.'trimethyliso'b'razilein-f^ 
■chYide. 'The ' systematic names are very'; cumbrous, the‘ salt in, question' 
being , 4: 7-,: 5':“tri,methoxy--4,.,:,3r,indeno-I.; ''4-'benzopyranol- '-"-'anhydroferri^ 
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\_ 
HO OH 
(III.) 


\A/A 

C 'OH, 

\_/ " 
/ \ 
\_/ 

MeO OMe 
(IV.) 


Now, tliese particular derivatives of braziliii were obviously 
suitable objects of a synthetical iiivestigatioii, partly on account of 
the vivid fluorescence which they exhibit under appropriate con- 
ditions, rendering the formation of a- mere trace detectable, and 
also because the pyrrylium nncleiis may be produced by the appli- 
cation of widely differing methods.. We thought it very probable 
that the chroinone derivative, V, w^ould be converted into the 
triinethyl ether of an isohrazilein salt by the condensing action of 
acidic dehydrating agents, and our first attempts were accordingly 
directed towards, ^ the I'ireparation of. this substance , by , a . method 
similar ' to that which had been employed for the synthesis ' of 
another 3-substituted chromone,- -namely, ■. aiihydrobrazilic . acid 
(Perkin and Robinson, T., 1908-, 93, 504). ■ Butein trimethyl ether 
(VI) (A. O'. Perkin and Hummel, T., 1904,. 85, 1468) was" obtained 
by the condensation of piaeanol and veratraklehyde and reduced 
by the-' .catalytic method to its dihydro-derivative (VII), but all 
attempts 'to convert this subsance into a pyrone by condensation 
with ethyl formate or ethyl oxalate by means of sodium or 
analogous agents' were unsuccessful. It was observed, however, 
that the ketone, VII, , exhibited a ' tendency to, produce , highly 
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fluorescent substances when heated with acid anhydrides, and by 
boiling' acetic anhydride in the presence of ssinc chloride it was 
completely converted into an oxoninm salt isolable in the form of 
its feriiciiloride, and this product closely resembled the brazilin 
derivative, IV, ■ especially in regard, to the characteristic uraiiium- 
greeii fluorescence of its dilute aqueous solution. 

The conclusion that the substance is a hoinologue of ?bobrazilein 
ferrichloride trimethyl ether was supported by analytical data, and 
a whole series of similar salts may be obtained by replacing the 
acetic anhydride by other anhydrides. The synthesis probably 
occurs as represented below, but it is impossible tO' decide without 
farther evidence whether indene-ring formation or acetylation is 
the first stage in the process. The final product indicated is an 
a-pyranol, which is converted by the action of acids into an 
an^pdro-BBlt containing the pyrrylium nucleus. In this connexion 
We l|ave included on p. 874 an account of some experiments made 
in 1909 by Mr. M. E. Turner, in collaboration with one of us, 
which go to show that an identical salt is obtained by the action 
of acid on corresponding a- and 
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The action of "dry . hydrogen' chloride, , together with; ,, 'acetic 
anhydride and zinc chloride, on dibydrohutein trimethyl ether in 
;';,:the';;coH ' furnished', a, eub'stahce; wM is,' probably, .'the iiidene ■ cleriv-' 
ative (VIII), and this:!?'' converted by the further action of hot 



A SYKTHESIS 0 ¥ ISOBRAZILEIK, BTC. PART I. 


863 


acetic anhydride and zinc cliloride into the oxoniiim salt. The 
description of the foregoing .compounds is reserved for a future 
comm iiiiicati oil . It was evident that in order to synthesise an 
isYibrazilein salt, it would be necessary to introduce formic acid 
instead of acetic or other carboxylic acid in these reactions, and 
many attempts were made to utilise' the mixed anhydride of formic 
and acetic acids in the, hope, that the phenol, YU, could be 
formylated and then further condensed in. the desired direction. 
Unfortunately, this mixed anhydride, in the presence of salts such 
as zinc chloride or sodium acetate, or of acids or tertiary bases, 
decomposes too I'eadily intO' carbon monoxide and acetic acid to be 
of great service as a reagent, and no progress was made along these 
lines. After numerous experiments in other directions, it -was 
found that prolonged boiling of dihydrobutein triniethyl ether with 
a large excess of absolute' formic acid and .zinc chloride gave rise 
to a product from which «>obrazilein ferrichloride trimetliyl ether 
could be readily isolated. The synthesis is represented below : 
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On heating the trimethyl ether salt*^' with hydrochloric acid, at 
ill a 'sealed, tube, a 'product -was' obtained which had all the 
reactions of .isobrazilein ■ hydrochloride. 'This demethylation' will 
be further investigated if possible. The favourable issue 'of the 
research depended, ve.ry' largely on the 'devising.of practical methods'' 
for the synthesis of, hyd,rocha.lkone . derivatives, and as a pre- 
liminary tlie processes ,■ available for,'' the preparation of 24iydroxy-, 
4-,niethoxyphenyl ' pheiiylethyl -ketO'iie. ' ,(IX) W','er 0 compared,' 

.Bargellini 'and. Marantonio {Gmzetia^ 1908, 38,' ii,'' 514) obtai,iie,d 
th©,' ','Correspo,iicling ' dihydrie - phenol, '2 :'4-dihy'droxyphe'nyl ,' phenyl- 
ethyl, ketone (X), by the conde,nsatioii' of 'jS-phenylpropionie :acid 
with,' resorcinol by means of zinc chloride -'at 140—150'^, and gave' 

, *' Before ' cariying out the dem©thy:lation,',the ferric chloride was .removed 
from thO' substance by, conversion through the sparingly soluble orange-red' 
'.sulphate' into .the hydrochloride. ■, .'The' sulphate; w.as, obtained , by gently 
warming the ferrichloride' with,. .concentrated,' .sulphuric . acid, .and pouring into 
water.,'' "The "process was .repeated, ,an<i'thLe 'hydroe'hloride,' obtained, 'from,' the 
auiphate.' by the,, action',of'',a'c|;ueous-alcdhGlic'..hyd,ro'cliloric ."ttcicb ' 

"1"'K K*" 
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conditions under wMcli it was claimed that it co-iild be coirverteil 
into either a inonoinetliyl ether melting at 74 — 75 ^ or a diTrietliyl 
ether melting’ at 103 — 104°. 


MeO/NoH 

Ho/Noh 

^CO-OHj-OHsPh 

l^yCO-CHa-GHjPh 

(IX,.) 

(X.) 


As the result of our experiments, we are forced to the coin 

cliision that the mo non i ethyl ether melting at 74 75° does not 

exist, and that the so-called dimethyl ether is really the tuoiio- 
methyl ether. This substance crystallises from alcohol in needles 
melting at 105°; it contains only one methoxyl group, and may be 
obtained either by the rn ethylation of the ketone, X, or by the 
reduction of benzylidenepaeanol. Its alcoliolic solution gives a 
reddish-violet coloration with ferric chloride, but the phenolic 
function is weak, and the sodium salt is hydrolysed by water to 
such an extent that the substance may be conipleteiy extracted 
by ether from a suspension in aqueous sodium hydroxide. By far 
the best general inethod for the preparation of the hydrochalkone 
derivatives was found to be the reduction of the iinsatiirated 
ketones by hydrogen in the presence of a palladiuin sol or of 
palladium-black, and relatively small amounts of the catalyst were 
found to suffice. Benzylidenepaeanol could be reduced in alcoholic 
or ethereal solution, but veratrylidenepaeanol (biitein triniethyi 
ether) was not reduced in those solvents or in ethyl acetate. It 
was, however, readily attacked' in acetic acid solution. : In the; 
course of preliminary experiments we obtained one substance. "con- 
stituted similarly to the chromone, V, Kostanecki . and Rozyeki 
(iicr., 1901, 34, 102) have, shown that ;the ■ acetylation of resaceto- 
■pheiione and of paeanol -under correct conditions leads' to the 
formation of chromone derivatives, '-and we have found .that this 
: , reaction can be imitated in the case of be'iizylresacetophenone (X), 
but not -with benzylpaeanol (IX), Acetic ' anhydride and sodium 
acetate, at the boiling point of. the, mixture converts ■ the former 
-S'lib stance into the acetyl de-rivative of ' a iiydroxybenzylniethyl- 
chromone, .which is" .itself obtained -on f hydrolysis of the acetyl 
'derivative, a'lid ; may , be converted. - in the ' usual manner into a 
mnethyl -ether.' "The methyl ether is; 7-methoxy-3-benzyl-2--iriet-liyl- 
1 ■: 4-benzopyrone (XI),„''asis proved by the fact that on hydrolysis 
' ' by ' ^ ' means'',: ' of ^ ' ' methyl-alcoholic ' potassium hydroxide it yields 
;; 2-'hydr-ox,,y-4-methoxyphe-nyl ■ ."phenylethyl ' ketone (IX), ' benzyl- 
acetone,.' and ;2-hydroxy-4-meth-oxybenzoic,.acicI. The fo:rinatioE 'of 
these substances is explicable as the result' of the 'scission of the' 
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primary prodiict^ oi‘ hydrolysis (XII) in the two -directions indicated 


MeodNoH i COMe 

' ! ?•■! 

(XL) (xn.) 

This chroiiione could not be converted into a salt of /.sobrazilein 
type, but 10 any examples could be quoted to show that such an 
observation cannot safely be applied as a criterion of the probable 
behaviour of a corresponding veratryl derivative. The method 
which ill this case was successfully used in the preparation of a 
3-benzyl chromone failed in the veratric series, because the con- 
deiisatioii of resorcinol and 3 : 4-diinethoxypheiiylpropioiiic acid in 
the presence of zinc chloride gave only tarry products. 


Qj tile aotited lines. 
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MeO/N/A,CMe 


0-CHoPh 


Experiment a l. 


3 ^ : : S-dih i/dro-l : 4-.-a~naphih€i- 

jfprone and its 3-Fiperonj/lulene Derivative,, 
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It has-been pointed- out oii-p. ■' 86.1 'that efforts were made to- 
prepare..- 3-'/m-;aoveratrylclironiones,: a,nd :araong the possible niethods 
s.eeined to be that depe-ndiiig .on -the .realisation- of the transference 
of a double' bond in a veratrylideiiechroinanone from, the ■ c.,rocyclic 
t;-o ' the ,c/nfocycIic position., -.As a ..preliminary 'case, the ^readily 
'accessible substances figured abo-y'e .-were, prepared, but -'-it was, not 
found' -possible 'to, convert the piperonylidene derivative:- i-iit-o. a true' 
-chromone by inducing. ,, a movement, of the ethylene ''' '.linking* 
Under -varied treatment, " , the - substance remained ' unchanged - ' 'or 
.suffered' d,e'compositioii,'"in' other directians. . The starting point. .'.in-' 
these '- 'e-xperiinentH, ' '.'"w.as'' ''''i-hydroxy-iS-naphthyi methyl ' 'keto'-ne' 
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(2-aeetyi-l-iiaplitliol), and tliiB was obtained by a slight 'modifica- 
tion of Friedlaiider’s process {Ber.^ 1895, 28, 1946). An iiitiiiiate 
mixture of a-iiaphtliol (50 grams), acetic acid (75 grams), and zinc 
chloride (75 grams) was heated during thirty minutes at 160—170°. 
The precipitate obtained by the addition oi ' water to^ the cooled 
mass was collected and washed with dilute liydrochloric acid, then 
dried, and crystallised from metliyl alcohol. Three crystallisatioiivs 
gave a product melting at 99° (the pure substance melts at 103°), 
and this was sufficiently pure for inoBt experiments. Our yield 
was always iiiuch diminished when v/e adopted the method of 
purification through the sodium salt, as recommended by I’ried- 
iander. Piperonylideneniethyl l-hydroxy-jS -naphthyl ketone 
(Kostanecki, 1898, 31, 7G7) was converted into- the corre- 

sponding fiavanone by a method similar to that frequently 
employed by ' Kostanecki and- ■his-., co-workers. The unsaturated 
ketone (10 gTaiiis) was dissolved in hot alcohol (600 g.c.), and after 
the addition of concentrated hydrochloric acid (80 c.c.) and water 
(240 C.C.), the mixture was boiled under rehux during twenty-four 
hours. The solution was filtered hot, and, on cooling, the fiavanone 
separated in pale orange needles, which were recrystallised from 
alcoholic hydrochloric acid, and then again twice from alcohol, 
when they were colourless and melted at 145° : 

0-2460 gave 0*6792 CO. and 0-0974 HoO. C-75*3; H = 4-4. 

G20H14O4 requires C = 75*5 1 H = 4‘4 per cent. 

The substance is sparingly soluble in light petroleum, moderately 
so in methyl or ethyl alcohol, and dissolves freely in benzene, 

, chloroform,: 'acetone, or ethyl acetate. ' ■ 

■^'Piperon-yUdene derivative.- — Owing' to the ease- with which the 
/■fiavanone is reconve'rted by. sodium hydroxide, into the' imsaturated 
ketone, it was necessary to- employ an. acid' as .the . condensing agent 
^in ; pre.paring this substance. - The.- 'fiavanone (2 ' ■ gi'anis) and 
pipero:nal (2 , grams) were together' .dissolved :in, acetic acid (10 
-grams), '.'and the solutmii; was then- 'saturated . with liydroge'u 
chloride, After, allowing to remain overnight, 'the crystals which 
had. .'separated .were collected and crystallised 'from a mixture o,!’ 
nitrobe,n,zen'e and aicohol. .The' 'substance was’ so obtaine'd in rich 
..'golden ball's .of needles melting, at .206°,. and very sparingly soluble 
in most ■organic solvents.: ,'■''■■■■ 

0T986 gave 0*5425 CO.^, and 0-0751 Hpp. C-74'5; Hrr4-2. 

■'....'' C28His06''require-s ,C‘—74-.7; :H-= 4*0 p.er .cent. . 

'the solution of this compound ■) in :' sulplmric acid is' intense 
redcHsh-purple, The nature of the dark green prorliuds . obtained 
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by the action o-f vigorous acid condensing agents, such as phos- 
phoryl chloride, could not be ascertained., 

7 -Hydroxp-2i~h en^yl-2 ~ m e tJiylA. : 4- & enz opyron e . 

The acetyl derivative (see below) was boiled during two and 
a-half hours with an excess of dilute aqueous socliiini carbonate, 
when it gradually dissolved as the result of hydrolysis. On cool- 
ing, the resulting phenol crystallised, and was ccllected and re- 
crystallised from alcohol, being obtained in bundles of colourless, 
silky, prismatic needles melting at 282® : 

0*1865 gave 0*5217 CO. and 0*0906 HoO. C = 76*3; H = 5*4. 

C;^ 7 H 3403 requires 0 = 76*6; H = 5'3 per cent. 

The colourless solutions of the substance in cold aqueous sodium 
hydroxide or hot aqueous sodium carbonate exhibited violet 
fluorescence, and a similar appearance was obtained when the noii- 
fiuorescent solution in cold sulphuric acid was gently heated. 

Acetyl DeHvative, — 2 : 4-Dihydroxyphenyl phenylethyl ketone 
(10 grams) was mixed with fused sodium acetate (15 grams) and 
acetic anhydride (20 grams), and heated in. an oil-bath at 170® 
during four hours. Water and dilute hydrochloric acid were added 
to the cooled mass, and when the separated solid was free from 
acetic anhydride, it was collected, w’-ashed, dried, and crystallised 
from methyl alcohol, from which the compound separated in long, 
colourless needles melting at 121® : 

0*2016 gave 0*5473 CO. and 0-0998 H. 2 O. 0 = 74*0; H = 5*5. 

^19^16^4 C = 74*0; H = 5*2 per cent. 

The substance was not changed by dilute aqueous sodium hydr- 
oxide, and dissolved in sulphuric acid to a very pale yellow solu- 
tion, w^hich exhibited violet fluorescence on being heated. 

Methyl Milter (XI). — ~7-Hydroxy-3-benzyl-2-methyi-l : 4-benzo- 
.pyroiie (2 grams) was - dissolved in hot, methyl' alcohol and, mixed 
,,with methyl sulphate, (5' c.c.). ' The' solution, was^ boiled iiiider 
■refliix, and aqueous potassium hydroxide- (10 c.c. of 40 ,-per, cent.) 
.gradually added, dxiring five minutes.' ■ The , methyl' ether 'was 
precipitated by the 'add,itio‘nL of water, -but was not obtained -in,' a 
satisfactory condition, and -was therefore ' dissolved in ether, the 
ethereal solutio-n washed with 'dilute.- sodium- hydroxide, ,and' dried. 
After the, removal , of , the solvent, the oil solidified, and was- crystal- 
lised -from, methyl alcohol,,.';'.in .-which^ the .'substance, is moderately 
readily, -soluble. The, slender,'-, colourles-s 'needles .-.melted -at - 109® - 
- i}*l,675 gaYe:0,*4722 - Cpg aiid''''0-^^ ' ' 0=7,6*9; H = 5*7. '' 

C\gH|uOjj -requires 0=77*1; B[=5’7,'p6r cent.^' ^ - 
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The solution in sulphuric acid is ' colourless and exhibits a faint- 
blue fluorescence, which becomes intense on keeping or . on gently 
heating, and this behaviour appears to be due to- sulphoiiatioii . 
There was no- evidence in nunierons trials that the substance could 
be converted into a pyrrylium salt containing the indeiie nucleus. 

lli/drohjsis of the Methyl Ether. — A mixture of the methyl 
ether (1*5 grams), potassium hydroxide (2 grams), and methyl 
alcohol (10 c.c.) was heated in a wide test-tube in such a manner 
as gradually to remove a part of the methyl alcohol by distilla- 
tion, A characteristic crimson coloration soon appeared and 
reached a maxmimn, after which it very quickly faded. When 
the solution or fusion had just lost the last trace of the red colour 
and had become yellow, the reaction was considered to be complete, 
and the niixture, together with the methyl-alcoholic distillate, was 
submitted to- distillation i.n a current of- steam.' The aqueous-. dis'-- 
tiiiate had the odour of benzylacetone, and the seinicarbazone of 
the latter was prepared from it. This substance crystallised from 
alcohol in slender, colourless needles melting at 145° (Klages, Ber,^ 
1904, 37, 2313, gives 142°), and at the same te-mperature when 
mixed with a purified specimen o-f . the semicarbazone obtained from 
benzyiacetone prepared by the 'reduction of phenyl styryl ketone 
by hydrogen in the presence of palladium. The alkaline solution 
remaining in the flask %vas rendered acid by the addition of hydro- 
chloric acid, and then alkaline again with sodium carbonate. The 
. oil precipitated by the acid did not redissolve, but soon .solidified- 
aiid was collected and crystallised from methyl alcohol, when it 
was obtained, in colourless needles melting at 105°, and at the same' 
temperature when mixed with a specimen of '2-hydroxy-4-methox,y- 
phenyl phenyletliyl ketone. The aqueous solution fro-m which this 
substance had been separated was extracted 'with .ether in order to 
remove further traces, of the same coinpo-und; it was then co-iicen- 
.trated 'and' acidified, when a small amount of .slender needles 
/Separated., The substance, gave an intense violet colour with ferric 
chloride in aqueous solutio-n, ■ and ' melted -at 155°. .-The- .melting 
point.' ' was, not depressed when ■ the substance -was mixed with 
, 2-hydroxy-4-me t-hoxy benzoic acid obtained' by the methylation of 
A-resorcyclic-, acid , 

. /■ r ' MeM^ylatio'n of Eesmetophenone, 

The following,, is -a,: brief account of , our observations in this.con- 
'.m-exion,. ' -The methylation to-paeano! is advantageously .effected by 
means of methyl iodide and potassium ' hydroxide in boiling methyl-, 
alcoholic solution, and 10 per cent, more than, the theoretically 



:a synthesis of isdbeazilein, etc. PAET I. , ,869 

required amouiit of eacii ■, reagent suffices. If for eacli molecular 
proportion of resacetopkenone three molecular proportions of in ethyl 
iodide and potassiiun hydroxide are employed, the main product 
is the dimethyl derivative, melting at 83 — 84° (QregoTj' Mon at sh,^. 
1894, „ 16, ' 437,- Wechsler, ihid., 15 , 239; A. Perldii,, T., 1895, 
67, 996), which has one of the methyl groups in the aromatic 
nucleus. ' An atte,mpt was made to divide the operation of methyl- 
atioii into two parts, that is, to- methylate first to paeanol and then 
to attempt the further conversion of this ether into the substance 
melting at 83 — 84°. When, however, paeanol was treated with 
two molecular proportions of methyl iodide and potassium hydr- 
oxide in boiling methyl alcohol, the greater part of the substance 
was recovered unchanged, and the small yield of product insoluble; 
ill cold sodium hydroxide solution was a mixture of about equal 
proportions of dimethylresacetophenone (m. p.' 83 — 84°) and the; 
normal dimethyl ether. The two substances could be separated by 
means of warm dilute sodium hydroxide, in which the former dis- 
solves. This rather unexpected result- renders it clear that the 
C-methylatioii of resacetophenone precedes the O-inethylation in 
the case where an excess of methyl iodide and potassium hydroxide 
is employed. Probably the explanation is that, in the case of the 
dipotassiiini salt, methylatioii occurs at the carbon atom, whereas 
ill the case of the monopotassium salt the 0~ether is formed. If 
methyl sulphate is employed for the methylation, it is difficult to 
obtain a satisfactory yield of paeanol, and the substance melting 
at 83^ — 84° is not obtained, but, instead, the normal dimethyl ether 
of resacetophenone. 

A simple qualitative test which may be used to indicate the 
presence or absence of the nuclear methyl group in resorcinol 
derivatives of the type „ of ' resorcylic acid "oiv resorcinol ketones 
depends on . the ■. iorinati on of ■ homofluoresceiii ' or ' fluorescein 
respectively. . The substance ds- strongly . heated with an excess of 
plithalic anhydride and a feiv drops of sulphuric acid,' and' the pro- 
duct clissolve,d in dilute sodium hydroxide.' Fluorescei.ii is formed' 
ii'iider these conditions ,■ from most resorcinol' derivatives, even if 
they are alkylated .at 'the ox.ygen"atom - and' the, appearance of. the 
alkaline 'solution is well kno'W'ii. If ■ the .'resorcinol nucleus' con tai'iis 
the methyl .group, however, 'the '■alka'line„solu.ti'On, is' intense 'cherry-' 
.red,, and ..the fluorescence .is’: ..persistent, on dilution than is ''the 

case with fluorescein, itself. ■ 
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2 ~HydrQ'Xy-i-methoxy 2 )lienyl Flie^iylethyl Ketone (IX) . 

We have carefully repeated .the work of Bargelliiii and Maraii- 
tonio> (loc. cit,) on the niethylation of 2 : 4-‘dihydroxy phenyl phenyl - 
ethyl ketone, and have failed to obtain the so-called monomethyl 
ether melting at 74—75®. On the other hand, the prescription 
given for the preparation of the dimethyl ether works well, and 
the product is the real monomethyl ether. The substance crystal- 
lised from alcohol in colourless needles melting at 105® : 

0*1635 gave 0*4491 CO 2 and 0*0927 H^O. C = 74'9; H = 6‘3.* 

0*4126 „ 0*3690 Agl. MeO = ll*9.“ 

requires 0 = 75*0 ; H = 6*3; MeO = 12*1 per cent 

The same substance was obtamed by the methylation of 2 : 4-di“ 
hydro'xyphenyl pheiiylethyl ketone by means of half the theoretical 
amount of methyl sulphate, and also- by employing methyl iodide. 
It was insoluble in aqueous sodium carbonate or sodium hydr- 
oxide ill the cold, but dissolved in the latter on heating. It gives 
an intense reddish-violet coloration on the addition of ferric 
chloride to its alcoholic solution. Attempts to convert the sub- 
stance into definite acetyl or benzoyl derivatives were unsuccessful, 
and we were unable to obtain its methyl ether. The constitution 
of the compound is best demonstrated by the following iiietliod of 
preparation. 

Benzylidenepaeaiiol (Einilewicz and Kostaiiecki, Ber,, 1899, 32, 
312) could be reduced by hydrogen in the presence of palladium 
in ethereal or alcoholic solution, but the latter was more convenient 
in practice. The chalkone (5 grams) was dissolved in ethyl alcohol 
(250 c.c.) at from 50 — 60®, and the air in the f ask containing the 
'solution was then expelled by pxirif ed ' hydrogen, ' after which 
palladoua, chloride' solutiou’ (15 c.c.-.of ' 1 .per cent.,)' .and' 'gum arable 
".'(15 c.c. of 1' per .cent, solution) 'were ..added... ' The 'flask was then 
'■'dosed, vigor.ously ■ shaken by mechanical mean's,', and" connected to 
,'the,,hydr.ogeli,generator.','- 

The reduction proceeded rapidly and could easily be followed by 
uoting.';'.then*.apidity ' of '' the, stream of' hydrogen which passed through 
the 'w.ash-hottles. After 'twenty, minutes','' the gas was no longer 
absorbed, and this was coincideiit with the disappearance of the 
'.yellow, .colour of the'' 'alcoholic solution,' ■ The greater part of the 
alcohol' was removed, from 'the, fltered .solution by distillation, .and,' 
'''on .cooling, the concentrate deposited '4''8 ', 'grams' 'of needles' melting, 
,afe„ 105®. , 'The substance melted.' at "'the; same te.in,perature wh.,e'i:r 
intimately mixed with a specimen obtained by' the iT,i''e'thyl'at'iO','i'''i:','Df: 
2 : 4-dih,ydroxjphenyl phenylethy] ketone. 
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Q-Bromo-B : i-diniethox^-fi-pheni/lprojyionic -.1 cid^ 

Meo/NoH^.CHj-COoH . 

MeO'^yBr 

Tlie' cond«iisatioii of 3 : 4 -dinietlioxyplieii 3 dpropioEic acid and 
resorcinol in the presence of zinc chloride did not give useful 
results,. prO’bahlj owing to the ease with whi.ch the. acid undergoes 
internal dehydration with the forniatioii of diniethox\^hydriiidoiie. 
It ' was thought that the bromo-acid would be more amenable in 
this reaction, hut such did not px'ove to be the case. 

3 : 4-I)iinethoxyphenyipropionic acid was brom,iiiated in cold 
acetic acid solution" by means' of a molecular proportion of broiiiine 
dissolved in the same solvent. A' part of the product crystallised 
and the remainder was .obtained on the addition of water. The 
substance was crystallised from aqueous acetic acid and obtained 
ill clusters of needles melting at 123^: 

0*0916 required for neutralisation 0*01778 IvOH. 

This amount of a monobasic acid, C 2 iHj 304 Br, ' requires 
0"*.01772 KOH. 

, This acid is ' converted by phosphoric oxide in boiling; benzene 
solution into a .liydrindone' derivative, which yields' a very" sparingly 
soluble p.iperonylidene derivative. ■ 

2-HydrO'X'ii~A-metJioxijplieivyl 3 Ketone: 

{Biliydrohutein Trimethyl Ether)^ VII.. . 

Veratrylidenepaeanol (A. G. Perkin and" Hummel, cit,) was 
found to be .more, difficult - to' -reduce .than the benzylidene deriv- 
ative, and ether, , alcohol, and ethyl acetate were all found ■ to be 
Unsuitable . solvents. 'IJltim.ately, ■ .acetic '.acid . ..was' ' s'uccessfully 
employed, and' the' addition" of a pimtective. colloid, 'such as gum 
arable, was omitted... .The chalkone (5 grams,)/: dissolved in 'acetic 
..-acid (450- c.'c.), .heated to-,7G- — 80®, 'was'. -reduced by shaking 'with 
-hydrogen after 'the addition. - of' -palla-dous chloride solution - (20 ' c.c'. 
,'of-'l per cent.). .,The absorpt'ion.'of.'gas..'.slack,ened ,.after.h'alf, 'a'ii 
'hour,., but, as .the reaction did -not appear .to-be complete, the liquid' 
was - again -heated - to 70—80® and 10 ''c.o. .,',of the 'palladous ehlori'cl-e' 
.solution ■ were added. - 'The/: red-uction, was . then completed by 
shaking -, with .hydrogen for 'an :hour. ■' The : colourless solution was 
.filtered ' from ...'the palladium-'-hlack and the acetic acid recovered by 
rlistillatio-'ii',: under -dim.m'ished .-pressure. . Brine was added to the 
residue, and the colourless solid which was precipitated was 
collected, washed with water, and crystallised from methyl alcohol. 
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The substance' crystallised in stout, colourless prisms melting at' 
84*^, and the yield was 80 per cent, of that deinaiided by theoi’y : 

0’1400 gave 0-3512 CO.^ and 0*0879 H^O. C = 68*4; H = 6-5. 

C 33 H 20 O 5 requires C = 68*4; H — 6*3 per cent. 

The coloratioii in alcoholic solution produced by the addition of 
a drop of ferric chloride is almost identical with that obtained in 
the case of ethyl acetoacetate. The substance is converted by 
dilute aqueous so diimi hydroxide iiito’ a very sparingly soluble, 
voluininoiis sodium salt, but this is decomposed in the presence of 
ether, which extracts the free enol. 

SyrhiliesiB of isoBrazilein Femcliloride Trimethyl Ether, 

A niixture of the compound just described (3 grams), fused zinc 
chloride (5 grams), and anhydrous formic acid ( 2 D grams) was 
boiled for three hours under reflux. After a short tinie, the solii- 
tion assumed a red colour and green fluorescence, and this became 
much intensified as the reaction proceeded. After cooling, dilute 
hydrochloric acid and an excess of concentrated ferric chloride 
solution were added, and a dark brown, viscid mass was precipi- 
tated. This was collected, freed as far as possible from adhering 
liquid, and then dissolved in hot acetic acid. As the soliitioii 
cooled, pale brown, glistening needles with inetallic glance 
separated, which were collected and purified by recrystallisatlmi 
from acetic acid. Half a gram of the pure substance was obtained. 
In some respects, this synthesised material did not appear to he 
identical with isubrazilein ferrichloride trimethyl ether, which, as 
usually obtained (Engels, Perkin, and Eobinson, p. 1151), 

crystallises in , .magiii'fi.cent copper leaflets, and it seemed ' 'at iirst 
sight necessary to conclude that the two substances' were diflerent. 
.The. reactions of the two specimens were'., however,, very similar, 
except with' dilute aqneoiis sodium 'hydroxide, ' which ' in , the case' 
of ■ the co'pper ^ leaflets developed ' a . Teddish-purple co'iour. From 
'.previous, experience, we surmised" that this reaction 'must, be due to 
.'the presence-' of phenolic grO'Ups, since the pyran'ol bases from ineth- 
oxyanhydropyranol salts are 'Colourless., and insoluble in alkaline 
solutions... Since,' ' "in ' additiO'ii, .microscopic' exami.nation of. the 
copper leaflets "sho'wed that .the crystals had curved -edges,, it be'Came 
'Very': probable that the . substance obtained.. from brazilin was co'iv 
'taminated'.'.with. a small proportion .-of' a de.iii ethylated salt, the 
.result ' of; ' the '''actiO'E". of the ' cO'ncentrated sulphuric ''acid used' , in .the 
. ..operation,' .". This ' view was pro-ved'ho he correct, ' since ' by ' e'Xercising 
great care in the preparatio:n we'' obtained ''th'e^ salt front .brazilin 
in the same crystalline form as 'characterised the 'synthesised speci- 
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men. Tlie tetrametliyldihydrobrazileinol -employed in the pre- 
paration was repeatedly purified 'by solution in light petroleum, as 
described by Engels, Perkin,’ and Bobinson (Joe. and groimd 

ill a mortar with excess o-f cold sulphuric acid for only ten minutes. 
The sulphate and hydrochloride were then isolated as already 
described, and the aiihydroferrichloride was prepared .from the 
latter in hot aqueous-alcoholic hydrochloric acid solution. The 
precipitated salt was recrystallised from acetic acid, and in this 
way a specimen was obtained wdiich -was 'identical in all respects 
with the material synthesised in the manner described above. The 
■whole of the following observations were made with both specimens, 
and the two experiments carried out side by side and as iieaii}^ as 
possible under the same conditions. In all cases, complete identity 
of behaviour was recorded; all the colours appeared at the same 
stage ; turbidity, fluorescence, a'lid behaviour on dilution were 
always the same. The crystals are well-defined, pointed needles, 
transparent under the microscope, and in mass are pale ochreous- 
brown and have a coppery lustre. ■ A suspension of the crystals in 
acetic acid has a characteristic appearance. If crystallised rapidly 
by cooling a coiiGeiitrated solution in hot acetic acid, the tendency 
is for two or 'three needles to form -a cluster, and,, at the ends of 
each of the 'larger needles .a great number of very small needles 
collect. The substance has no definite- nielting point, -it darkens 
at 180®, and above^ this temperature deco-mpositioii -is progressive; 
from .203® to- 215® there was.. shrinking and melting accompanied 
by decomposition. On breaking the capillary tubes, the contents 
were gre-eiiisli-black . and had a green lustre. The . solubility of the 
substa,nc6 i,ii various solvents w’as noted. ' It does uiot dissolve in 
alcohol ill th.e cold - to. ■a.ny appreciable- extent;- on' wanning, the 
alcohol -acquires an apple-green 'fluore-scence, and, o-n .b-oili-iig, the 
fluorescence is intense ivy-green- and the' solution becomes yellowish- 
'bro-wn. An, aqueo-us solutio-n of the substance is -at fi,rst yellow and 
exhibits -, brilliant -gree,n - -fluorescence. - "On keeping,- the salt - is- 
hyd,ro-ly,sed and the solutio-n becomes ' slightly milky, ' the-' ' original 
.appearance being restored 'by the additio-n of a few .drops of hydro- 
chloric, acid. , 0*1 Gram dissolve-s t-o -a,- clear'' solution' in 100 c.c. of 
water,:;,, wit-h, the -addition ' of 0*5 'c.c. '.-'-of 'coneeiitrated hydrochloric 
, -a.ci-d The behavio-ur of - -this- solution o-n dilution -was noted, „,-a'ii-d 
the 'fluorescence' wa's fo-und to be i^ema-rkably .persistent. ' The, addi- 
tion. ' of--- .sodium ace-tate- ..to; the-'' .aqueous. 'solution , .destroyed .--the 
fiiiore-sce'nce, and- the, pyranql "base .could be, -extracted by ether. 
The ' ethereal '-.'.'.'layer was ' very pale ''yellow," and. the yellow, strongly 
'.fluorescent- -hyd,r'ochlorid'e---was' regenerate'd -by washing it with dilute 
hyd'rochl-orie -,'aci-d . ^ '"''■'Gn,'-.-the',''a'd'ditibh ■ ,bf'- '.nitric -' acid ' to the solution 
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of the substance in water, tlie first appearance was tlie loss of 
fliioresceiice and the production ol a bright cherry-red colour. On 
keeping, the' colour became^ yellow, and the fluorescence' reappeared 
and was even more- intense- than that of the original solution. ■ On 
th©' addition o-f sodium, hydroxide 'to a solution of the ferrichloride, 
a faint cherry-red opalescence resulted; on shaking with air, a 
brownish-red solution and precipitate were obtained. 


Appendix I. 

Sonie A/nhfdropp^a^^^ 

By lloBE'KT Robinson and Maurice Russell Turner. 

About ten years ago the authors carried out a series of experi- 
ments in the benjzopyianol group with the object of determining 
the nature of th^ pyranol bases and of discovering the cause of the 
intense colour which characterises some of these substances- It 
was found that the coloured pyranol bases are ail quinones 
occasionally retaining tenaciously a molecule of water, and thus 
appearing to be carbinols. , Several of these quinonea were iso-lated 
in, a pure condition, and it is. hop-ed at some future time- to publish 
an acco-iiiit of the.investigatio-n. In order to prove that the true 
earbinols. are colourless, we prepared methyl ethers, and it is in 
connexion with these substances that certain points 'were noted 
which are of interest in relation to the foregoing communication. 
'It is especially, interesting that anhydro-salts of 7-niethoxy-2- 
phenyi-l :4-b6iizopyraiiol (XIII): and of 7-niethoxy-2 : 4-diphenyl- 
1 : 4-benzopyraiiol (XIV) dissolve in water with an intense bliiisli- 
green, 'fluorescence,' and in this respect closely resemble the 'similarly 
.constituted i-^obrazileiii hydrochloride trimethyl ether, ' but, on the 
other hand, differ' froiri related .hydroxy-compounds. The fo-niier 
'■substance .(XIII) was obtained. by the application, of , the .gene'tal, 
'method . for the preparation . ' of anhydropyr anol salts ', 'devised ' by'' 
'.Perkin, IRobins'on,. and 'Turner (T.,T908', 93, 1115),' namely, by the 
"Condensation:, .of , ,2-hydroxy-4-metlioxybenzaldehyde with' aceto- 
:ph6nQ'.'ne in acetic acid'' solution '.'by 'means' of hydrogen chloride. 
The . 'Seco-nd compound (XIV) was ' obtained , by the conde'nsation of ', 
dibehzoylmethane with ' the'' monomethyl, ether 'Of resorcinol ' in the, 
.:pres"eiice of siilphurie acid,’.. but/it '.was found hnpossible to obtain,'',' 
„it by .'this method free from the corresponding dem ethylated , co.m- ', 

,, pound,, '.and the benzopyranol prepared' "from the ' salt ' was ' always, 
red. ■' , ,' This, ,'method of prepar'ation ' has, ' .already, been ' -described , .by 
Becker and Decker 1914, 47, 22&S). 
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Ill order ' to obtain ' tile substance in a pure condition^ tiiree 
Tiietliods could be employed, and are' described on p, 877,. As 
was to be expected, the compound (XIV) may be prepared by the 
action of magnesium phenyl bromide on 7-methoxy“2-pheiiyl-l : 4- 
benzopyron© (XV), and was isolated ■ from the product in the form 
of the anhydroferrichloride melting at 185^. The same aiihydro-' 
ferrichloride was, however, obtained from the product of inter- 
action' of magnesium phenyl bromide and j3-phenylumbelliferoiie 
methyl ether (XVI). This would seem to demonstrate the possi- 
bility of the existence of two carbinol bases corresponding %vitli a 
single aiihydro-oxonium salt, since the process last inentioiied 
should lead to the a-pyranol (XVII). 


MeO, 


O 


9Ph 

CH-OH 

(XIII.) 


0 


0 


Meo/b/^CPh 

CPh-OH 

(XIV.) 


Meo/'^/^CPh-OH 

CFh 

(XVII.) 


/ 


\V V/ 

X X 

Ferrichloride. 
M.p. 185^ 


O 

Meo/b/^jDPh 
/CH 


0 



MeO/N/AcO 


CPli 
(XVI.) 


' E XPERI ME'N,.T Am 

(^-Phen'^hm,heUiferon-e' 

Methyl EmP),:KNl: 

'',*4. "A mixture' of resorcinol monomethyl ether (13 grams) and,' 
.ethyl ,b'en,zo'ylac©tate , (20 .grams); .was. dissolved in ice-cold sulphuric 
acid ,(200 ' grams). ., The hask . .was. immersed ' in melting ice and 
'allO'Wed to remai.n' for twelve .hours..; .The viscid product obtained 
".' by dilution with water was well washed, and became solid in con- 
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tact with a little alcohol. The substance was collecteci and re- 
crystallised from alcohol. 

B. jS-Phenyliimbellife’rone ' was methylated in the usual manner 
ill methyl-alcoholic solution by means of methyl sulphate and 
potassium hydroxide. At the end of the reaction, however, aii' 
excess of hydrochloric acid was added and the solution boiled in 
order to convert into lactone any hydroxy-acid which had been 
formed as the result of the hydrolysing action o<f the alkali. After 
the addition of water, the substance was collected and crystallised 
from alcohol ; it is moderately readily soluble in alcohol or benzene, 
and crystallises in slender needles which melt at 110*^. The pale 
yellow solution in sul])hiiric acid exhibits intense bluish-violet 
fluorescence: 

0*1255 gave 0’3489 CO^ and 0*0560 HaO. C:=75*8; H==4*9. 

C 3 f;B[;i 2^3 requires 0 = 76*2; H = 4*7 per cent. 

2:4:-Dim€thoxydihemoyl7nethane mid l-Metlioxy--2'-plienyl-\: A.^ 
henzojjyrone (XV). 

2 : 4“Dimethoxydib6iizoylmethane has already been obtained by 
Perkin and Schiess (T., 1904, 85 , 164) by the condensation of 
methyl 2 : 4 -dim etlioxybenzoate with acetophenoiie in the presence 
of metallic sodium. Since, however, we happened tO' be in the 
possession of large quantities of 2 : 4-dinietlioxyacetoplieiione, we 
employed this compound as the starting point, 2 : 4-Dinieth.oxy- 
acetophenone (55 grains) and ethyl benzoate (90 grains) w'ere dis- 
solved in dry ether (250 c.c.), and powdered sodarnide (50 grams) 
was, gradually added to the solution. A vigorous reaction ensued 
and the coloiirless sodium salt of the diketone separated as a crust. 

. After gently boili.ng under reflux for half an hour, the salt was 
separated and washed with ether, -and, when dry, was triturated 
in a mortar with dilute hydrochloric acid. The oily product soon 
became solid and. crystalline, in contact with fresh cold, water, and 
was collected, washed with sodium carbonate solution, dried, and 
crystallised from light petroleum. The pale. yellow needles melted 
at,;5.7^': 

' O'llOB.'gave O'SeSS'.eOg and 0*0758 C=7P6; H = B-0. ' 

'■ ' requires.-, C= 71*8 ;■ 11=5*6 per cent.. 

. When'' this, .diketoiie is' 'm-ixed with ten times -its -weight of hot 
-hydriodie acid (I)''l'’9), an imm'ediate. reaction occurs, -methyl -iodide 
is evolved, and the flavone derivative separates. The process is 
remarkably smooth. After removing the free iodine by the addi- 
tion of sulphurous acid, the precipitate was collected and crystal- 
lised from alcohol. It melts at 110^, and is doubtless identical 
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wit'll tlie compound obtained by Emilewicz and Kostanecki (loc. 
cit.) by tbe action of alkali 'Oii beiizylidenepaeaiiol dibroniide. 
Tbe intensity of the blue fluorescence of the S'Oliitioii of this fiavoiie 
in suipiiuric acid is noteworthy. 

1 ~M et1ioi):y-2-plien-yl-l : A^-henzopuranol A nliyclrohypI/rochlorM^ . 

of XIII,) 

2-Iiydrox}r~4»inetlioxybenzaldebyde (8 grams) and acetopiienone 
(6 grams) w^ere dissolved in glacial acetic acid (25 c.c.), and the 
solution was saturated with hydrogen diloride during an hour and 
a-lialf. The orange needles which separated were collected, and 
more of the substance was obtained by the addition of ether to the 
solution. The salt could be reciystallised from dilute ' hydrochloric 
acid, and, after being dried in the air, melted and decomposed at 
102—103^: 

0*1155 gave 0*2506 CO. and 0*0606 H.O. C = 59*2; H=:5*8. 

Cj^,H2s 02C1,3H20 requires C=58*8; H = 5*8 per cent. 

The substance dissolves in water to a yellow solution exhibiting 
a striking hluish-green fluorescence, extremely persistent on. 
dilution. . 

tmd its, bViffs. 

, T . T--HydrO'Xy-2 ■ : 4-diphenyl-l : 4-benzopyranol dimethyr ether 
(Biilow and Sicherer, 1901, 34, 2380) loses methyl alcohol on 
treatment •with acids,, and- ■ .yields 'salts. 'of the ■ monomethylated' 
pyraiiol. The ferrichloride was obtained in the usual manner, and 
crystallised from acetic 'a-cid- in- ' orang-e-yellow needles melting at 
185-°, and at the " same temperature when, -mixed, wit-h the salt 
■obtained as. described milder ' -A? and CK The .fluorescence of the 
dimethyl -ether in acetic ' or . sulphuric acid, .solution is due -to the 
conversion to an o.xonium salt of the pyranol now under considera- 
tion. , , ' . 

.'B. ■ i8-Phe-.uylii:mbelliferoiie methyl -ether (.2 , grams) was'-.clissolved 
in. hot, benzene (50,c.c.)' and treated with a.' solution of magiiesiinB' 
phenyl, bromide ' in , ether until '..a test '..portion d'e-veloped an iiite.iise 
'bliiish-gT-e 0 '.n - .colour o-n the. -addition ' -of -an , ethe-.real solution of- 
,p“benzo-quiiione. .The mixture 'was then heated on, the, steam -bath 
Tor "ten, minutes, cooled, a.nd decomposed- with water. .- The benzene 
■solution G-ontain-ed -a substance which is- -probably an a-pyranol,(and:'. 
gave^, an oxo-nium' - salt ,on -the ' additio'n". of,', hydrochloric acid. -' Tn 
order, -to ' is, olate., this-, the' whole. -product was - .treated with dilute 
.hydrochloric 'acid-, ,and".trh-e ' se-pa.rated yellow, aqueous layer- mixed 
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witli an excess of concentrated ferric cliloricle solution. Tlie pre- 
cipitated yellow ferrichlorid© v/as crystallised from acetic acid and 
obtained in orange needles melting at 185^. 

(,7. 7-MetliO'Xyfiavone (4 grams) dissolved in benzene (150 c.c.) 
.was mixed with an ethereal solution of magnesinm phenyl bromide 
(from 1’8 grains of bromobenzene). A yellow precipitate was 
formed, and after gently heating on the steam-bath for fifteen 
minutes, the mixture Avas decomposed by dilute hydrochloric acid. 
A copious precipitate of the ferrichloride was obtained on the addi- 
tion of ferric chloride to the aqueous layer, and the derivative was 
collected and ciystallised from acetic acid. The orange-yellow 
needles melted at 185^: 

0*1469 gave 0*2783 CO. and 0-0475 HgO. C = 51"7i H-3*6. 
0*3600 „ 0-0572 Fe^Oa. Fo=:ll*L 

C^gHiyO^GhFe'Cls requires ^ C = 51*7 ; H = 3*3 ; Fe = 11*0 .'per cent. 
The pyranol itself and its derivatives could most conveniently be 
ohtamed by the method A, 

7 -Methox^-2 : i- diphenyl- 1 : i- henzop-^ranoL — Billow and 

Sicherer’'s dimethyl ether was dissolved in dilute hydrochloric acid 
and the solution treated v;ith sodium acetate. The almost colour- 
less precipitate was amorphO''Us, but was obtained in a pure con- 
dition by washing \vith hvater and drying in a vacuum over 
siilpliuric acid. It melted at 55 — 57°: 

0-1323 gave 0*3862 CO2 and 0*0702 mO. C = 79*6.; H = 5-9. 
0*1962 in 19*9 benzene gave = 0*153°. M.'W. = 322, 

C^oHigOg requires C = 80*0; H = 5-5 per cent. M.W. = 330. 

Anlipdrodihpdw — Dry hydrogen chloride was passed 

through an etliereah solution of the pyranol. Bright yellow crystals 
melting at 121° separated., and were dried in a vacuum: ■ 

" ' 0-2264. gave 0*1576 AgCl ai = 17-2.-'.. 

requires, 01=16*9 per, cent. 

Direct proof of the.uxiste.nce ,of the 'water, of crystallisaiiou was 
not.' obtained. ' 

. , , ■ A'lidhy'dr^oTvydrocldtmder — The ; , dihydrochloricle was' dissolved ■ in. 

' hot dilute ., hydrochloric acid, and 'the solution, on cooling, ■ deposited, 
red needles ■m.el ting about 80°: .. 

''7 '.''0*2'148' gave,:o*0900;.Aga^ .■Cl;= '10*4. 

02211^70201 requires 01 = 10*2 per cent. 

A nhi/dropl(itinichlm'ide.~T'\xh derivative was prepared in a hot 
solution, and crystallised, on cooling,:;. .i.n '.:r)range,...:i:iee,dte 
:'AB:.d':..decompodhgA.h:2249.;;^f^ 
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0-2419 ga¥e 0*0455 Pt. Pt = 18-8, 

(C2.2pl2702Cl)2PtCl4 requires P'l>2=18'9 per cent. 

Appendix II. 

7 ’■II yclrOrryA : Z-indeno~l : 2-htnzapyrone^ 

O 

iio/NA\co 

! I A 

C GHj . 

A~\ 

This substance was prepared in 1911 by Mr. J. A.. Prescott w'ork- 
iiig in collaboration with one of ns in the laboratories of the 
University of Manchester. Although the work was net carried far. 
it seems of interest to include a description of this substance in the 
present coinmuiii cation in view of the circumstance that it is the 
iirst compoiiiid to be synthesised the molecule of which contains the 
braziliii and hsematoxyliii skeleton. 

a~Hydrindone (8*5 grams) dissolved in pure dry ether (100 c.c.) 
was converted ' into the sodium 'derivative .by the addition of' 
'pO'Wdered sodaiiiide (6 grains). ' The- evolution of ' aininoiiia. was 
.facilitated' ,by frequent shaldng, and the" reaction appeared to be 
complete in. about two hours. A rather rapid stream :of carbo-n 
dioxide wa^S' then passed through the 'solution until the ether had 
nearly, all been removed by' ev.aporation. ■ Ice. was. -then carefully 
added.^ and the,- solution extracted twice with ether to remove . a 
small, amount of, unchanged ■ hydrindone. .- The separated aqiieO'iis 
layer was then -aci.dified with hydrochloric -acid with careful cooling 
by siimll 'pieces ■ of ' ice. , The ' crystalline -'.'precipitate was quickly 
callected and dried- on porous porcelain;...- .The yield .of -this 
l~Ii pdriruIont’Il-carhoxyUc' ..was; 8 -grams,. '''The, substance' gives 

ri reddisl'' -violet coloration on t-he..-addi.ti-oir'of , ferric chloride- to its 
aqueous or- alcoholic, --solution. It-, is' moderately ,, stable ' at-, the 
ordinary temperature,, ' but, slowly, de-eomposes with, the f-oriiiation 
of a-hycbindone and' ' carbon '’ d.ioxide.'''; -The' reaction,,' is rapid,', and 
compie',t'e"','^'0'ii' gently ' , w-arming-,’, with '., ..wter. The-' keto-acid ,- (8’3' 
grams), tog'ether'-' 'W,ith :, .resorcinol ' (9". grams), „ .was. mixed- ' with-' .-.a 
.saturated sol'utio,n ,('10,0,' c-.c.,)'''Of .hydrogen', chloride in 'methyl alcohol, 
::T'he mi'X,tiire- 'was allowed .,' .to; '-remain-" during' two a.nd' adialf days at 
'.the' ordinary - temperature, when' it'-.'-became red', 'a.iid, 'a- .colourless siib- 
; s,'ti-'a,i:ice .' '<iry stall ised*,' „ - -' 'Th,'e;. liq,u,i,d'.; 'was.-.-then ' -'gently Jieat ed for two 
hours oh the waterd)ath, and the quantity of the crystals wa;i 
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increased. When cold, the substance was collected and crystal- 
lised from ethyl, alcohoh from which it separated in colourless 
needles, the yield amounting to 2*1 grams: 

Found: 0 = 76*4; H = 4-2. ■ 

requires 0 = 76*8; H = 4‘0 per cent. 

On heating, the substance darkens at about 230^^, and at 280^ 
rather suddenly turns dark blue, but does not melt at this or 
higher temperatures. It is sparingly soluble in most organic 
solvents, but dissolves in dilute sodium hydroxide. The solution 
in concentrated sulphuric acid exhibits an intense bluish-violet 
'fluorescence. 

TCFKiVE'ESiTy OF" LivbrpooIi. {Eeceived^ September ^IZrd, 1918.] 


LXXIX . — The Action of Chlorine on the Alkali 

Iodides, 

By William Norman Eae. 

In a previous comnninicatioii (T., 1915, 107, 1286), an account 
was given of the action of bromine vapour on the solid iodides of 
the alkali metals, and the action of chlorine on the same com- 
pounds has now been studied. - 

The alkali metals form two series of polyhaloids coiitainiug both 
chlorine' and iodine, having, respectively, the formulai 'MlClg' and 
MICI4.; -all the compounds’ of' the latter series were prepared in 
.the wet way by Wells and Wheeler (Ame7\ J. AVd, 1892, [iii], 44, 
42), who found that two of them 'gave hydrated crystals, "namely, 
LiICl4,4H20 , and NaICl4,2HaO, whilst the others were. 

The. ’.compounds KICI4 and 3SrH4lCl4 were originally , by 

1839,,. 25, ..435, 506). . 

Tir...': the'.,.. present, instance, ., the’ method of"' experiniem : ..was, a.s 
^follows: the iodides' were |X)wder,ed.'' and .kept, in a. desic'^^'te' oxm' 
sulphuric acid for several weeks before using, to ensure thorough 
dryness; a small quantity was then placed in a weigh ng boitie 
having a ground-in glass stopper, through which passed wo tubes, 
one of which reached nearly to the bottom of the bottle Biiriiig 
the weighing's, the two iubes were closed with grounl-in glass 
stoppers. Several of the bottles were connected in series, and a 
slow stream of chlorine, washed in' water and dried with mlphuric 
add, was passed through the train of bottles, and finally through 
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a calcium cliioTicle tower, used to' prevent moisture diffusing back 
ill case the chlorine stream stopped. The bottles were weighed 
from day to^ day until the. weight became constant, and the con- 
tents were.' then analysed. In ail cases, t'he compoiiiid MICI 4 
appeared to be formed. The conipound MICL for a given metal 
is mii'cli. more stable than MICI4, as is indicated by the w^ell- 
iiiarked breaks in the curves showing the loss of weight over 
]}otassiuni hydroxide with time, given in the previous paper (/oc, 
eit.), and it might be expected that similar lireaks would be 
obtained in the “increase o-f weigh t-time '' curves in the present 
instance, the formation of the more stable compound MlCh prO'- 
ceeding more rapidly than that of the comiioiiiid MICI 4 . Such 
breaks, hov^ever, were not obtained, although tliere*was a consider- 
able diminution in the speed of the reaction towards the end, when 
the foniiation of the final compound "was almost complete. Appar- 
ently the formation of the two compounds proceeds simultaneously, 
or the coiiipoimd MICI 4 is formed without the intermediate form- 
ation of MICL 2 ; in this connexion, it may be remembered that 
Weils and ' Wheeler (foe. cfL) ' considered fhat the:' compound 
BblCl.! decomposes at the ordinary temperature by the loss of 
iodine "trichloride in one; .step, vrhilst. at ' higher temperatures " it, 
loses first . chlorine and then iodine moiiochloride ; this is, supported' 
by the fact that when potassium tetrachloroiodide and mercury 
are placed in the same desiccator, mercuric iodide is formed. 
Again, it was expected that the stability of the various compounds 
would be indicated by the rate at which they were formed, but 
the reverse was the case; for example, in one experiment the first 
three tubes contained the iodides of csesium, rubidium, and 
potassium, respectively; this is also -the .order of ' stability of the' 
chloroio'dides ; after two days it -was found .that 1.*2'7 grams., of 
csesiuin iodide had gained 'O ' 10 gram.,.' 0*65' gram of rubidium 
“*-4Q;rlide had .gained 0*40 gi’am,. 1*67 grams ' of ' po'tassium iodide had 
A%aliied 0*23 gram. 

^L, Several .'factors appear ,to' affect 'the ‘rate of formation besides 
""the .'Stability of the prodiict; nne of the ■ most important ' is the 
degree;' of dryness .of ' the solid ' iodide;., an''' immediate increase in 
' 'the, rate, of change follows 'the' .'introduction ,ol trace of, .water, 
'"whilst , lithium' .' iodide, ' 'coiitaining '-three, m,'Olecules of water . of 
' . ' ci-ystallisation, always ' reacts . ’ ra.pidly.' ' 'Rapid . reactions, are' ' also 
.obtained hy'„ using 'fi,nely' powdered solid, in. thin layers; 'with thick 
"layers or .crystals, -the "reaction' 'takes^ place' quickly at , the,' surface, 

,' ;but , only '.slowly throughout:’'the''m'ass.'' 

'The. best 'quantitative re.sults' are. obtained by using,, a,,' slow "stream: 
'. .of ' chlorine . an'd ', , a' ; small -quantity 'of '■ 'Solid ; - with" larger ' ' quantities,' 
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tlie: iiiitiai displacement of tlie iodiB.e in tlie iodide by cliloriiie 
proceeds rapklly, with tlie evolution of much, beat (greatest in tlie 
ease or' litliiiim iodide and least witli csesiiiiii iodide), so tliat the 
liberated iodine is partly vaporised and is lost; at a slower rate/ 
tlie tempera tur.e does not appreciably rise; witb. iodides siicli as 
those 01 rubidium and csesiuin. the iodine at first set free appears 
to combi lie with the iinclianged iodide to form the tri-iodides, 
W'lrieli have a low vapour pressure. All the coiiipoiinds obtained 
by this inetliod are 'yellow powders; the colour shows a marked 
gradatio-ii with the atomic weight of ilia metal, the cjnsiimi coiii- 
poiiiid lieiiig a ixiustard-yellow, whilst that iorniecl frciii litliiiim 
iodide is a line deep orange, ■ 

Litlikifm The anhydrous compound has not been 

obtaiiiecl in a pure state-; the eompciiiid LiI,3H20 was therefore 
prepared, and the crystals, dried on filter-paper, were used, since 
til© ■ substance is too deliquescent to powder. At the same time, 
another part o-f the specimen was -amalysed, (Found; I = 68' 7. 
Caic., 1 = 67*5 per cent.) 

0*8526 Gram of the crystals gained 0*6549 gram of chlorine/ a 
gain of 76*8 per cent., whilst .the theoretical gain is 76*7 per cent, 
i or The forniation of' LilCIi^a'H^O from, Lil^X'H.^O, con taming 6S*7 
per cent, ot icKii'ue. On analysis 'by ■'iitratioii .with arseiiite^' solii- 
'tioii, the amount of chlorine gained by the .lithi'iim ' iodide was 
.toiiiid to be, 71*8 per cent.,. 'a'lid wit.h a 'second preparation, ,71*7' 
per cent. ■ 

'\^dieii the chlorine first comes iii;. con tact with The Iith,'m'ni iodide,- 
the latte,r becomes deep reddish-brown and moist on .the „ surface ; 
the crystals then, melt and much heat is evolved., but there' are no' 
copxous fumes of iociine .ciiloride- as 'there are in 'the 'case" of' iodine 
itself; .liquid drops d-o appear on the -sides, but 'the se,>re only 
faintly , coloured , and are probably drops of moisture vaporised by, 
the heat,, of the reaction.. ,Fiiially, the whole is converted- into' 
orange-coloured solid'. The -melting' is due to the-": fact that ',®e''''^ 
lithium iodi'de contains ,enough-" w^ter .to- dissolve the- litMumk 
cMoride 'which -is formed at -first, :wMIst. both lithium iodide and '' 
the'-chloroiodida, melt below. SOh The final -com.p-ound - is a solid - 
at the^ -ordinary temperature. ^ Wells : and Wheeler have ,shown:That ' 
,th'© crystals obta,i,iied, from-, solution 'have' the, 'formula 
',whilst -,i,n -'t-lie. pr-esent .case there -is-,- only/enough w-ater .to , give 'the - 
eompound^LilClijSHoO. , The reaction .was-.'C-OLmpiete'.in two- -days.," -: 

Ammonium IcKiM~e~The salt-' was recrystallised from water and 
was then heated in .an air-oven at 150® for some time, and was 
kept m the desiccator , until required. Chlorine quicMy changed 
It to bluish-black by displacing, the iodine, and then the yellow ’ 
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colour of tlae iodocliloricle, appeared. The weight became constant 
in two or three days. 1T512 Grams of ammoniiiiii iodide gained 
IT 151 grams of chlorine, corresponding with 96*86 per cent., 
whilst the formation of NH4ICI4 requires a gain of 97*85 per cent. 
A determination of the extra halogen by the arsenite method gave 
a result' corresponding with a gain of 95*94 per cent., a second 
preparation giving 94*99 per cent. 

Sodittm Iodide . — ^The .salt was recrystallised from water in a 
desiccator over sulphuric acid. The crystals so obtained were 
powdered and replaced in the desiccator until used. The reaction 
followed a similar course to that with anmioniuni iodide, but a 
longer time was required to reach constant weight. In two ex- 
periments, 0*7587 gram gained 0*6927 gram, or 91 -S' per cent., a,nd 
0*7956 gram gained 0*7439 gram, corresponding with 93*50 per 
cent; NaICl4 requires a gain of 94*61 per cent. A specimen 
analysed by sodium arsenite gave 92*77 per cent. 

Fotmdum Iodide . — The salt was recrystallised from water, dried, 
and powdered. Results similar to those with the previous two 
compounds were obtained, but in some cases a long time was 
required to reach constancy of weight. 1*0727 Grams of potassium 
iodide gained 0*9111 gram, equivalent to 84*94 per cent. ; analysis 
.by ' sodium arsenite gave extra halogen equivalent to a gain, of 
82‘3'1 per cent., w.hilst the formation of' KICI4 requires 85*44. per 
cent. 

Enhidium The salt was prepared by repeated evapora- 

tion of the chloride with hydriodic acid, and was then recrystal- 
lised from water. On coming in contact with chlorine, it hrst 
tuimed bluish-black and then yellow ; in one experiment, the form- 
ation of the yellow compound did not commence simultaneously 
over the whole surface, but at a number of points, which appeai*ed 
to act as nuclei, giving a very striking appearance of a number of 
bright yellow spots on a bluish-black background. 0*6545 Gram 
gained 0*4366 gram of chlorine, corresponding with 66*7 per cent., 
whilst. RbICi4 requires a gain of. 66*8 per cent. Since very little 
,of the rubidium salt was' available,, it. was' 'not analysed by sodium 
arsenite, but w.as, heated ixntil .it ..was white. . 1*0911 Grains of the 
"vchlorododide lost 0*7234 ..gram'- of ' iodine, trichloride,., a loss -of 66*3.. 
per;','' ..cent. ^ ' ■ In.' the, conversion - of , the '• ehloroiodide, . , RbIGl.4,', • '.to' 
rubidium" chloride, the Toss' should he^ 65*9' per .cent. The,',"f.o.rm- 
,'a.tion .of, the 'compound ...prooeeded"-. -rapidly ', .'..and was ..complete' in 
'.■'from: three-" to... six ''days,"' h: 

" . Gmsitim- Iodide^— Tkh salt was '.prepared in. the same way.' as^the- 
rubidium compound the .first- "specimen made, rea'cted very slowly; 
'-'-.even .-the ■ first vtages, '.where-: .-the '.^c^ium-: '-.iodide,,, was-.' being converted 
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into- tile cUoride, were slow, enabling, the change of colonr from, 
white, through pale brown, browm, chocolate, to blnisli-black to be 
followed. The pale brown colour observed at the start is' possibly 
due to the formation of polyiodides, the first traces of iodine set 
free at once ' uniting with the unchanged csesium. iodide, so' that 
the colour of free iodine is not observed until a later stage; the 
same colour is produced when solid caesium iodide and iodine are 
shaken together. Compounds such, as ammonium tri-iodide are 
jiiiieli less stable than csesium tri-iodide, which may account for 
the fact that the colour of iodine appears as soon as the chlorine 
comes into contact with ammonium iodide. 

A more rapid reaction was obtained in an experiment using a 
small quantity of finely -divided csesium iodide, obtained by pre- 
paring the tri-iodide by crystallisation from solution and by heat- 
ing this at 180'^ until it was quite white. 0T986 Gram of csesiuin 
iodide gained 0*1087 gram of chlorine in ' six days ;,;' the increase 
ill weight corresponds with 54'-7 'per cent., which is the theoretical 
gain for" the formation of' CSICI 4 .. '. 0*3073 Gram, of CSICI 4 lost 
0*1794 grain on' heating, ■ corresponding ,'w.ith 58*3 per cent.; the 
theoretiGalIossis,'58,*l:per.eent..-';.-''-'--' 

Ci'OTmisr''MErm'JAT4 (kmimon, '' 

Colombo. [Kee.nved^ April iMIi, 1918.] 


. LXKX .- — Hydroxylamine Platinum Bases. ■ 

By Leo' Alexandeowitsch Tschugaev and Ilja , Ix^jirscH . 
Tschernjaev. V 

..Compounds,' containing hydroxylamine and platinum were dis- 
,'covered by Lossen (^AnmaUny '1871, 242), :and',;were.;.studied'^^^ 
■more, ■ detail , by ^Alexander.: . (p}0.y by ^ 

''vyPydroxylamine,' 'dike;, of '''bivalent' 
platinum to form a seties ^ of complex compounds which are fairly 
''elds:ely':;;:ena|qg'q^^ ammoniacal ' platinum' '''bases : 

and to the corresponding derivatives of' organic amines, sulphides, 

Free hydroxylamine and.;.'P 0 'ta'ssmm ■ platinochloride' interact .with 
'lhe'''.:',iopn'a'tioa 'Of' ''tetrahydroxylaminoplatinous chloride, ' 

[Pt4N%OH]Cl2, 

an analogue of:th6,.,sa!ts''of.',Eeiset's"B'as© I, [Ft4MH3]X3, and, like 
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thesej tills ckloaide is precipitated by potassium platinocHoride to 
form the compound, [Pt4]:^H2*OH]PtCl4, analogous to Magnus's 
green salt. Further, the chloride is decomposed by heating with 
hydrochloric acid, with the production of ^m»^-dichlorodihydros:yl- 
aminoplatimim (il), 

' CL , ' CL Mm 

Npt'*' " \pt'''^ , 

OH-NHj/" \oi NHj- '^Cl 

(-4.) (B.) 

which is similar, in its mode of ' formation and properties (see 
appendix), to the chloride of Reiseth Base II (B), 

The study of these compounds has shown that hydroxylamine 
plays the same role in the molecule as does ammonia in ammoniacal 
platinum bases, this conclusion being confirmed by the existence 
of a mixed base, [Pt^jSTHgjSNHo’OHJXo, which may be regarded 
as Reiset's Base I with ammonia partly substituted by hydroxyl- 
amine. Some derivatives of this base are described, although very 
incompletely, by Alexander (loc, cit.). 

In spite of the very close similarity between the hydroxylamine- 
platiniim bases and the corresponding compounds containing 
ammonia in place of hydroxylamine, there is a marked diilerence 
in their chemical behaviour, as well as in their inode of formation. 
For example, hydroxylamine is more readily eliminated from the 
complex platinum compounds than ammonia; it was also not 
possible to obtain the m-modification of dihydroxylammoplatinous 
chloride, [Pt 2 ]SrH 2 *OH,Cl 2 ,], in the usual way, namely, by the inter- 
action of free hydroxylamine and potassium platmochloride, 
although the corresponding derivatives of ammonia and of organic 
amines are readily formed by a similar method. 

Perhaps the most inter^ting ■ fact to be noticed in. this connexion 
is that by complete substitution of hydroxy lamine for ammonia 
the very readily' soluble compound ■Pt4NB[3(OH)2, possessing strong 
basic properties and analogous to ■ the alkali hydroxides, is trans-. 
formed into " the comparatively ' weai base,' Pt4NH2*OH,(OH)2 
almost insoluble in water and 'more, similar to, magnesia. . For this 
■ reason,;' it' was suggested by- -Werner' -.(''Neuere' Anschauungen auf 
dem Gebiete der anorganischen Chemie,''’,',3rd ,ed,.;, 5/ 197) ' that' a 
'^■d'ife'rent. constitution, 

■ r.' ^ '"OH'- ■ ■ ' "!■■ 

'■.GH-NHgv r 

must be attributed to these two 'bases, the co-ordination numbers 
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being 4 in the case of Reiset’s Base I and 6 in the corresponding 
hydroxylainine compound. 

In view of the great interest attaching to these remarkable facts 
and relations, we decided to undertake a systematical investigation 
of the hydro-xylamine-platinum bases, and particularly of the mixed 
bases containing hydroxylamine and animonia (or amines), in 
order to elucidate the influence of the progr-essive substitution of 
hydroxylamine for ammonia. 

Of the six compounds theoretically passible and correspon ling 
with the general foitnula [Pt(NH 2 'OH),,(NH.j )4 - »]Xo, only three 

'OH-NH,.. NHjl 

' '>rt/' 

-OH-NH/ -NHs 

(in A.) ' 


[Pt4NH2-OH]Xj 


p,3NH,’OH]y 

NH3 


X, 


(I-) 


(II). 


[Pt4NH3]X2 


’OH-HH 


2\ 


.NH/: 


>pt< 







(V,} (IV), ■ ■ • (IIIB) 

, (I,. IIIB, :aiid 'V) ' liave been previously" described..,: : 

:We bave.' succeeded in preparing all the missing members of 
seriesj ' and bave 'establisbed their ' constitution' and their relation 
other' hyd:ro.xylamino»amm,omacal platinum bases, jo^r' ' as 
possible ill the .present ''state , of our' ' chemica^^ 

constitution of these complex compounds. ' ^ 

Coiisideri.ng ';,first the .■ two ■ isomeric compounds corresponding 
with ' the '.forinulge,, .IlIA and the chloride of the former, 

namely, ' ' ^cMmide (Illd, 

'^'UeTB X =' C'l) ' ...may be ' prepared 'by the action ot free hydroxyl- 
amine,, on 'CiVdichlorodiamminoplatiniiin' (Peyrone’s chloride.). ' 

' :'It cont.aiiis'' the bivalent, colourless, complex cation 
' : [Pt2XH3,2NH2-OH]-’y : 

and giv..es,a very'eha.raet6ristic piatinochiotide, 
[Pt2XH3,2NH2-OH]PtCl4,, , 

which forms rose-'violet, .'microscopical ■■.needles. The co,nstitutioii ' of ■ 
the salts of this,' series,' .is proved '.-by their Tn.ode of formation,' by' 
the ionic character of,, the Two electronegative" ra.dicles, and' 'by the 
decompositmn' of ■' the'' „ehloride .with .hydrochloric acid. ■ In ''This' , 
reacticih, the mixed chloride, 




Cl/ 


>pt.f 


/ 


Cl 


XHs-OH 


(VI.) 

is formb^l iu fch© flfst stagu, aud. by continuod action: of tbo acid 
the second molecule of hydroxylamine is eliminated, Cossa’s acid, 
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[PtNHsCLjllj and finally chloroplatinons aeidj H2[PtCl4j, being 
obtained. 

In view of the.- fact that Peyrone’s chloride, the starting point 
ill the preparation of the chloride 111*4, is prepared from chloro- 
platiiioiis acid and ammonia, it will be seen that the synthesis of 
the salt 111*4 and its degradation form a cycle, as represented by 
the following scheme: : 


'-Cl.., 

/Cl] 


yCll 

'NHj... 


■OH 

■ 

:>ptf ^ 

6 

>Pt< 1 -> 


>Pt!':'' ■ 


L-ci-'" 

\ciJ 

..mi/' 

\cii 

,.NH/ 


■OH 


H >K< 
uCV ''Cl- J 




' NH^-OH J 


111 the same ' way, the isomeric salt Ill/i may he obtained from 
the chloride of Reiset’s Base II (B, p. 885), or by the action of 
liquid anhydrous ammonia on fm/z-^-dichlorodiliydroxylamiiiO'^ 
platinum (.4, p. 885). 

Possibly the same chloride, in a slightly impure state, was pre- 
pared by Alexander by the interaction of ?'/Yi//.<-dichlorodiliydroxyl- 
aiBinoplatiniim and aqueous ammonia. 

The existeiice of the bivalent complex cation, 
[Pt2NH3,2NH^*OH]“‘, . 

in an aqueous solution of the chloride IIIR may he proved by 
various reactions; for example, potassium plati nochloride gives a 
green platinochloride, [Pt 2 NHg, 2 NH 2 *OII]PtOl 4 , sparingiy ' soluble 
in water, and potassium palladochloride and other salts of complex 
acids act similarly. The chlorine atoms of the chloride ■ IIIj 9 are 
both ionised in aqueous' solutibn. 'Prom these facts,,, and especially, 
from the mode of formation of this salt, its constitutioii as trans- 

chlarkle (Illi?, where X = Cr) 
may be regarded as sufficiently established. 

The result of the action of hydrochloric acid' on this substance '4s 
also in accordance with this conclusion, .fra/?.,«-dichlorodia'mmiiio- 
: jdatinum (R, p. 885) being the only product. ,4 

' According to ' Jorgensen, the degradation '.of ..mixed complex bases 
■corresponding , with the ifm-ns-configuration , gives normally / two 
' different' products, both of which .are' ^rnv^s-derivatives, ' thus : 


'..a'-' 

>pty- cj, 

La*’' '■, . ''^Aj 


■ . 4 ,^ 

>pty 

cCF "-■■A. 

rCl^, .-a - 

Vpt/ 


L L 2 
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The degradation of the chloride proceeds,, Therefore, quite 

iiorriially in so far as it gives rise to a ^m■?^'S-dichlO'^ 0 ” derivative with 
two identical groups, il, and the constitution assuiiied above for 
this, chloride is especially confirmed by the fact that it gives the 
chloride of, Beiset’s Base II. 

,As regards the, formation of only one product in this reaction 
instead ,'ol twO', it may be remarked that the tivo compoiincls 
o];> tallied ■ by Jorgensen and by others in a series of analogous 
iiistaiices are generally produced in very different relative propor- 
ti,oiis, according to the degree of stability of the bond uniting the 
p,latitii!.rii atom with' the molecule of ammonia or .amine A. l,ii 
fact, as will be seen, later, it appears that a molecule of hydroxyl- 
amine is, far more loosely combined with the platinum atom than 
is a molecule of ammonia, and apparently to this difference may be 
due the' discrepancy between-- Jorgensen’s rule , and , the' course, of, 
degradation, of the chloride IIIB. ' 

Bichloroaimninohydroxylammoplatinum (¥i,, , p. 886) '.is , a very 
siiit,able ,,startiiig' , ;point for -, the ■■ preparation., of. the'. „two remaiiiin,g,' 
members-^ of ", oiir,:„seri,es ,of ■' mixed'-- ammonia-hydroxylaminoplatihimi 
bases, .. 'namely,, :'umminotrih^dmx^lammo]^utm(ms-^ '-' (II,.. 
wliere X=-Ci).. and triamminoh^/dro'x^^^ :eM(mde'^^(TVr' 

■where. Cl). b ; , T -■ '■'■I-/ '"'V'',' 

Th '6 'chloride, IV, is best prepared by the i.nteraction, 'of dichlorb-^'',,', 

a, i',i:iiniiioli}ai,:iY3.xyIaTni'Uoplati'tium -(VI) and 'liquid ammonia '' 'in"''",^''.'.ti'': 
sealed tube. ' Its cons'.titution .may be deduced from this mode 'O'f' 
formation' and , from' its ■ chemical be-haviour. The ,t'Wo chlorine 
atoms' a.,re. im."rii.ediately ionised in, aqueous solution, and the com- 
plex , radicle, [Pt^NH 3 ,KH 2 * 0 'HJ*’',: has the properties , of a 'bivalent- 
cation.; "By treatment ,wuth . p'otassium-' ' platmochlo'ride', a,, green 
compou'nd., [Bt,3MH3,'XH2*0'H]PtGl|,,'analogO''iis to the .•well-known 

:. 'Magnus’s, salt, is precipitated.,' 

. .The '.'most iiitere-sting' results' were obtained' by ,the^' aGtio.n, ,., 0 '!' 
hydrochloric acid on the chloride (rV')'. ", The main .product of this 
,' 're'.action'":is'' Cleve.-’s , chloride,'' [PtSNHgGlJGlj', the .molecule of,' hydr- 
'oxylam-m©^ , being ydisplaced by fa.;,. ''chlorine ', atom. "This result not 

/.only prove3,'the existence.of the'. group'.ptSMHj ly,, 

b. ut,'"a.l,'SO;', affords a direct confirma'tion. of The'' weakness of ..the.' h,on'd'' 

' ''P't^.,''X■iI2•''0'H'''','il^ ' CO'mp'arison .-'with. The. bond Pt....XH 3 .. ' A'' more 
f ;-©i;ierget'ic act.ion''..qf ; hydrochloric 'acid on 'Glove's . ,chloride,.n'esults', ns 

is well known, in the formation of the chloride of Eeiset’s Base II. 
Tims it, is. .poss.ibte .to effect' .The..coByersion -'of . 'PeyrpB'e’s '.chloride 'into' 
the isomeric chloride of Reiset’s Base II by the following con- 
'.''See'uMve.stagee'T':':'''" v'' 
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rNHgx 

••NH,' 

•OH- 



— ^ ! 

rptr 

ci.T — 

-NHg-" 

\C1J 

IWE/ 

■■■■NH,' 

OH-. ^ 


rNHg.., ,C1 1 rNH,.. ,NH, 

I i — > j ■ jCL. 

L OK "'-NHg-OHj LN-Hg" ‘ 


J. 

Y 

r CL , .WE- rNHg. ...NH.i 

I \ptr " '^01! , ‘^1 

LNHg*-" \01 _ LNHs--’ ^C1 J 


AiiimiiiotriliydroxylaBiiiioplatinous. cMoride (II) is readily 
obtained from tbe cliloride VI by the action of free hydroxylamiiie 
in aqueous solution. The constitution of this chloride follows from 
. its inode of formation, from . the inorganic character of the two 
chioriiie atoms, and of the complex radicle, PtNH3,3NI-l2’OH, 
which forms a bivalent cation (the platiiiochloride, 
[PtNH3,3NH2-OH]FtCl4, 

..was obtained ill rose-violet crystals), and especially from the study 
of its ' degradation products.- ■' By theactio-n of hydrochloric acid y it 
give-s Gossa’s - acid, ; [PtN-IIe'CyH, w^hich " then .by further action 
of the acid furnishes chloroplatinous acid. 

The relative weakness of the bond Pt.'. .NHo’OH is again demon-: 
strated by this reaction. . 

It will .be observed that the- formation and degradation . of the 
chloride, II, ma-y also be represented by a cycle : . 


rClL ' ' yCl~] 

"’mC i H. 

-Cl ■■ AlJ 


'N'Hj. .Cb 

ypt'' 


f rNHg.... .,.NH,-0H7 rNH, .01 

>Pt< 01, -> i ^ I 

i-NH/ '■•NH/OhJ L hi/ ■•-•NH^-OhJ 

'^1 1 


rNH,... XIV 

■ rpt< 


' 'r NH,., 

■WS..r€m-^ 
I/' / " 

ei-' .HlJ 


. Loh-nh,/' 



In additaon to the above experiments, the behaviour of the 
fmws-chloride, [Pt2NH,-OH,C!l2], towards pyridine was studied and 
found to be in perfect accordahce tFilh its behaviour towards 
ammonia. : r -...r ■ v 
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Tlie following table gives some physical properties of the mixed 
clilorifles of the series [Pt(NH2‘OH)»(NH3)4, _ .^jClg : — 


Compound. 

[Pt4NH3]Cl, 

Solubility. 
(Grams in 
100 gi‘ams 
of 71-4 per 
cent, 
alcohol.) 

Molecular 

conductivity Colour of the 

at 25® V — corresponding 

1000 litres. platinichloride. 

261-0 Green (Magnus’s salt) 

[Pt3HH3,N.HvOH]CI, 

1-36 

— 

G'reen 

[Pt2NH;j, 2NH./OH jCL ( tmns) 

0T36 

251-0 

Dark green 

[Pt.2]N'H3,2NH..-OH]Cl, (cis) 

0-22 

246-0 

Reddish- violet 

[PtlSH,,3NH.-OH]aj 

0*96 

200-0 

Rose-violet 

[Pt4NH2*OH]Ci5 

-r^ 

0-28 


Lilac 


E XPEEI MENTAL. 


ch-Dmm^mdu'odikj/droX'i/Inmin^^^ Chloride (IIIiL , where 

X^Ci). 

, A niixtiire.of 1 gram of Peyrone's chloride, 0‘6 gram of hydroxyl- 
ammoniuin chloride, 3“5 c.cl of 10 .per cent. 'sodium hydroxickv soiri- 
tion,, and 7 c.c. of water . was gently heated with frequent shaking 
liiitii Goiiiplete solution occurred. On cooling, the chloride separated 
ill' ' colourless' ' needles , or .prisms, which were recrystallised ' from 
dilute . hydrochloric acid and dried in the air: , 

' . 0'*1,25.6 gave 0-0666,Pt. Pt = 53-01. ' 

0’2333 .' „ " 0*1855 AgCf 01 = 19*67, . V ' . ' 

,0*1832 . . 21*5 c.c. 1^2 (moist) at 20*2^ and 776, mm. , N = 15*32v 

PtHj202M4Ci2.,reqmre'S Pt = 53''27; Cl=' 1 9*37 * ' N = 15*3,0, per cent. 

The ' substance is .-very, readily .soluble in water, the chlorine being, 
■completely .ionised.," The ,,mole.cular' 'conductivity "W.as' measured,' in 
'■ aqueous, /solution at 25^': 

' 125 - ..' 500 ' .' ', ■ "'1000 ■' 

F 226 m 2 ': ■"'...'',.'','- 239 ' 5 '^ .,'.276 

The pkifinmMorkh separated from a solution of 0*65 gram of 
the above chloride in 5 c.c. of water on adding ‘a solution of 0*8 
gram of potassium platinoohloride in 5 c,c. of water. It forms, 
reddish ‘-violet needles, and may be recrystailised from warm water. 
It is much more readily soluble than the green Magnuses salt. 

The insoluble Magnus’s .salt is precipitated from its aqueous 
solution ,oii th'©". addition 
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[Pt2NII*,,2NH.>-OH]PtCi4 + [Pt4NH3]Cl.= 

‘ ' [PtANHsJPtCl^ -f- [Pt2NH3,2NH2“OH]Cl2 : 

0-1119 gave 0*0675 Pt. Pt= 60*14, 

requires Pt=: 60*22 per ceiii. 

Tiie' pal I ado chloride was obtained from the chloride (IIIJ.) and 
potassium palladochloride. ' It separates, as a dirty, green, micro- 
crystalline powder sparingly soluble in water : 

0-1053 gave 0*1107 AgCl. Cl-26*06. 

PtPdHj202N4Ci4 requires Cl = 26*08 per cent. 

traiis-I^/«/n/ nodih^drodi/laminoplafinoas Clilorid e 

where X = C1). 

This salt was prepared in the same manner as ' the c‘/^?4so,iiieride 
from the chloride of EeiseCs. Base II. It crystallises from hot 
water, in which it is readily soluble, in colourless prisms, and is 
precipitated from aqueous solutions by hydrochloric acid or 
alcohol : 

0*1549 gave 0*0825 Pt. Pt = 53*24. 

0-0944 „ 0*0727 AgCT, 01 = 19*13. 

, 0'*1930 : 25-3 c.c. at 2P and.773 :mm,. N = 15*12.. 

PtH3202N4Ci2 requires Pt = 53*27; 01 = 19*37; N = 15*30 per ■ cent. 

The chlorine atoms are both completely ionised, and are pre- 
cipitated by silver nitrate. The following numbers were obtained 
for the molecular conductivity in aqueous solution at 25° : 

V' 250 ■■ 500 ' ■ 1000 ■ , 

, fi 229 -240 251 

The aqueous solution is neutral towards, litmus, indicating the 
absence of appreciable hydrolysis. By heating the chloride with 
hydrochloric acid on the water-bath, as mentioned above, 
molecular proportions of hydroxylamine are eliminated with the 
formation of the chloride of EeiseCs Base II. , .(Found: Pt = 65-11. 
Calc.,: Pt = 65*11 per cent.) 

■The ^mz/.'^-chloride .may also be, obtained by 'the interaction' o'l 
„/7Yw?..<-dichlorodihydroxyl,aminoplatinum, ■ [,Pt2NHyOH,CL], and 
arttfflonia, 

', This '/reaction was, /first'. -stud-ied- 'by 'Alexander, (foe. clt.), who 
.employed /four molecular "proportions ' of ,'ammO''nia ■ and one of the 
chloro-compound in aqueous,"solution,,' and ' obtained' a floeculent, 
reddish-W'hite' ''precipitate, ' which he, Regarded as the free base, 
[Pt2,NH*>;OIi,2NH3](OH)2. By dissolving it in cold dilute hydro- 
.'Chloric ■ acid,; „he , stMes '. that;:' 'the,': .chloride, '. ,[P't 2 'N'Il 2 'OH, 2 NH 3 ]Cl 2 , 
was obtained, yielding a dark green platinocMoride* 
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TSCHUGAEV ANB TSCHEBNJAEV : 


Alexander stated: fnrtiier, that his ■ chloride was precipitated by. 
alkali hydroxides, , yielding an .amorphous, gelatinous mass insoluble 
ill water. On the' other hand, his chloride was very unstable 
towards concentrated hydrochloric, acid, 'Which decomposed , it with 
the loss of two ' molecular proportions of ammonia and .the forma- 
tion of «/’ff/i.s-dichlorodihydroxylaminoplatmuin. 

The .properties of this 'substance being thus entirely different 
from the properties ' of the chlo-ride described above, we decided to 
repeat the corresponding part of Alexander'’s work. It appeared 
from our. experiments that, .under the conditions mentioned by this 
author, ammonia indeed gives with the compound 
[Pt2NH3-OH,Cl2] 

an insoluble, ■ ainorphous, pale .yellow precipitate, but this is by no 
'means, vfo'rmed 'by ' the addition of ammonia to dichlorodihydroxyl- 
amiiioplatiiium . On the contrary, its composition corresponds 
approximately' with the .formula [Pt]SrHa*OH,CI(O.H)] ^ of a 
hydroxo-compound, one atom of chlorine being displaced by a 
.hydroxyl, group, and, as .was to 'be. ..expected, ive were unable; to 
obtain "from this substance the mixed chloride, 
:[Pt2'NH3,2NH2-OH]Cl2, 
by '.the action of hydrochloric; a.cidt 
' The addition, of ammonia.' to the compound [Pt2NHo‘OH,Gl2], 
may be easily effected by using anhydrous liquid ammonia and by 
operating , ill a sealed, tube. ■ An . orange solution is obtained . at 
■first,; which is gradually decolorised. .. At the same time, a colour- 
.: less., crystalline precipitate 'of. the chloride, 

separates. ' ■ ■ 'The. comp^c^ition .. of ' ' the', substance was verified ' by 
.. .,analysi.s, : an.d" its ' identity with . the ■''^m'^x-s-isomeride was proved „ liy 
its characteristic 'reactions...' ^ .It ■was;;speci.aliy ascertained, that, 'this, 
chloride yielded, on heating. with with hydrochloric acid,. ' the. . 
chloride of Reiset’s Base^VII.'. .■'trafi^Di.chlo'rodihydroxylamino- 
piatinum^ could not be obtained under ''.these '.conditions. . ' 

The plafltmcMorkle of the salt just described may be obtained 
by the addition of potassium platinochloride to. its' '.solution it 
. . forms ii!i.icroS:Copic,,^dark green... needles,, which are sparingly soluble 
in cold water and may be reorystallised from hot water containing 
...liydrpohfe^ '. ''a.cid.' ;''Tt'.." is'-'; much '..'more.'; '■stable '■ tli|.ii..',' 'the' 
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Tlie similarly prepared by the aid of aiiDiioiiiuTii 

palladocMoridC; forms microscopic, olive-greeii needles: 

0-0665 gave 0-0698 AgCL 01-26*00. 

PtPdHi202N4Cl4 requires Cl -26- 08 per cent. 

t^dJiB-DicMomamminohydroxylaminoplaH^^^ (VI, p. 8S6). 

One gram of tlie cfiS-claloride, [Pt2NIl3,2NH2’OH]Ci2, is keated 
on the water-batb for one and a-balf hours with 5 c.c. of hydro- 
chloric acid (D 1*19) and 20 c.c. of water. The colour of the solu- 
tvion must remain ■ yellow ; if it' turns orange-red, the reaction has 
proceeded too far. On cooling, the mixed compoond separates in 
characteristic aggregates of dentate yellow crystals, which may be 
reci’ystallised ■ from very dilute hydrochloric acid. The yield is 
70 — 90 per cent, of the theoretical : 

0-0934 gave 0-0576 Pt. Pt- 61-64. 

0*15'78 „ , 12*4 c.c. Na (moist) at. 20° and 756 nim. N-8'91. 

0*1119 0*1004 AgCl. Ci = 22-19. 

, PtHeONgCla requires Pt=:61*75; N-8-76; Cl-22-43 per cent. 

The substance is sparingly soluble in cold, but much more I’eadily 
soiii hot' water, and very sparingly so^' in alcohol. 

■ The aqueous solution is greenish'-yellow, and iriimediate'ly, after' 
the^ addition of silver nitrate g'ives only' a slight opalescence', the 
precipitation of silver chloride occurring only gradually aiicl being 
accelerated by heating.. 

It must accordingly be, assumed, that the chlorine'' atoms are i.E' 
direct union with the platinum. This , conclusion ■ was'' confirmed 
by the determmatio'n of the. molecular conductivity' (in at|iieous 
'soliitio'ii"at 25°),' .which gave very low,' valties 'alm,ost ' approaching 
zero: |x — 2*,G5 '(V='526').. ' The 'values of, rise very quickly, with 
time, hydrolysis 'evidently 'taking place ,und'er these conditions. 

' By the prolonged action .of hot hydrochloric 'acid, the siibstanc© 
„is' deoGiiiposed with the elimination of ■, one,' molecular proportion of 
hydroxyiamine and, formatioiv nf- the ., complex" acid, '[PtNH 3 ,Cl 3 ]PI, 
discovered : by ''Cbssa : , 

[Pt'N,H3,HH2-OH,Oo]A2H€l-(PtNH3,Gy " 

.' This, ' acid was identified by pr.e.cipitsttmg' the. solution,', with,'' the 
chloride",', of ', Reiset/s, 'Base’': I.’: The^'- n'haracfceristic' ' oraiige-yelloW' 
.'■quadratic .', '.'scales ,' .of Cossa’s salt, [PtNH3,Cl3]2[Pt4NH3], were 
■'Obtained, .and. .its composition was verified by analysis. (Found: 

,, Pt:5=6,4*'92. ' ' 'Calc. : Pt— ,65;'.1'0;^ • 
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TTiii’niinin ohydroxylf^win oplut inoiis C lilot idx , 
[Pt(NH3)3,NH2*OH]Cl. 

Tills substance was ' prepared by tbe interaction of tlie^ mixed salt 
Just described and anliydrous liquid ainnionia in a sealed tube at 
til e ordinary temperature. After the expulsion of free ammonia, 
a colourless, crystalline powder remained which crystallised fioin 
80 per cent, alcohol in colourless^ glistening plates very readily 
soluble in water : 

0‘1206 gave 0*0673 'Pt. Pt = 55*83. 

0'0950 ' „ 0*0781 AgCL 01=20*34. 

0-1436 „ 20*1 c.c. No (moist) at 2P and 770 min. N = 16*07. 

PtHp^N^Cl^/ requir^^ Pt = 5o-73 01 = 20*25 ; N = 16*00 per, cent. 

On, heating with hydrochloric acid, the substance is,, decomposed, 
liydroxylamine being eliminated, and Cleve’s salt, [PtB.NHgjClJClo, 
being formed, which was detected by means of its very character- 
istic platiiiochloride, [Pt3NH3,OI]2PtO]4. 

,The' '/i«f//u>c/i7on¥e,\:[Pt3NH^ was obtained by 

precipitating the preceding chloride, with-. potassium platiiiochloride, 
as a pale green powder consisting' of , microscopic needles; which 'may 
be recrystaliised from hot water: ' ■■■ ,■ 

, 0*1001 "gave 0*0634 Pt. '' Pt=-63*34. ■ 

0*2186 " ,, ■ 17*4 c.c. 'Ns'C'moist) at 2P and 773 mm. , N'=9*d7. 

0*110,3 : , 0*1038 AgCL, -Cl.= 23'28:' ■ 

' Pt2Hj20N4Ci4 requires Pt=63*34-; N'=9*10; Cl,= 23*01 per cent;' 

- By heating' this, platinoehloride-- with' hydrochloric acid, hydroxyl- 
amine '^,is elimiiiated, .and the characteristic ' pink ,,plates' of Gleve's 
salt,. [Pt3NH,3Cl]2ptCl4,; separate,- especally on .cooling', ' together 
'W'ith - unchanged ; -substance.' ; ' The- separation ' 'of ','the^ ' two , can be 
effected by ,' levigation and by. :;subsequent,.--,r-eci 7 staliisation , from 
i’-ery dilute hydrochloric, acid.' 

Am.mifwtriItf/droj‘i/lamifiopIatinotifi Ohloride, 

t [PtNHs,(NHi,-OH) 3 ]CL.. 

Uie mixed chloride, [PtNH3,NH2*OH,a2], was gently heated 
w’.Oi the theoretical quantity of hydroxylainine hydrochloride and 
the equivalent quantity of sodium hydroxide in aqueous solution. 
The new chloride is very readily soluble in water, and may be 
separated from a concentrated aqueous solution by the addition of 

alcohol or of hydrochloric acid. It forms transparent colourless 

crystals';-',,",,'"-',::-; 
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0-1061 gave 0*0542 Pt. . Pt = 51*03. 

0-1126 ,, 14-4 c.c. K. (moist) at 19-4*^ and 765‘5 mm. 

N = 14*68. 

0*1058 gave 0*0788 AgCl. Cl =: 18*42. 

PtH| 203 N 4 Cl 2 requires Pt= 51*07; N = 14*67; Cl — 18*55 per cent. 

Tlie cliloriiie atoms are both, completely ionised. The figures 
obtained for the molecular canductivity, at 25° are: Y — 1000; 
11 = 240 . 

The platinocMoridc, precipitated from a solution of the pre- 
ceding salt by means, ol potassium platiuochloride, forms micrO" 
scopicj rose- violet needles : 

0*1119 ga.ve 0*0675 Pt. Pt = 60*14. 

Pt 2 Hj 20 sN 4 Cl 4 requires Tt = 60*22 ' per cent. 

The piiMadocMoride, similarly obtained from ammonium paliado- 
chloride, crystallises in reddish-violet needles : 

0*0567 gave 0*0587 AgCfi. Cl = 2o*62. 

PtPdH| 203 N 4 Cl 4 requires 01 = 25*37 .per cent. 

Chloride^ 

! ■ * Cl... 

LOH^NH/ '-Py ' j 

This substance was prepared by the interaction of pyridine and 
f m/is-dichlorodihydroxylaminoplatinum. Dry pyridine readily 
dissolves the dichloro-compound, forming an orange-yellow solu- 
tion., which loses, its colour very quickly, and at ■the' same time, a 
colourless, .crystalline powder separates. -- The mixture is 'heated 
for some rniniites and filtered after .cooling. The residue is then 
washed with alcohol and recrystallised from hot water : 

,0:*0986 gave ,0*0392 Pt. '■ Pt=39*76. ,.b - 

■' 0*1133 ; „ 0*0-649 AgCl. Cl = 14*l, . I , ,' Y 

: per cent. 

", Po,tassiii,m platiiiochloride , precipitates the - platinochloride, 
,[Pt 2 Py,(NIi 2 *OIi) 2 ]PtG! 4 , which ■■crystallises-' in microsco-pic, ■ p.a'le' 
rose- prisms : . ■ 

- 0 :* 14,50 g'ave 0*0-746 'Ft., ■■ 'Pt = 51*41 , 

Cl|,QH 4 ^ 02 N 4 €l 4 Pt 2 ,’,re:quires'-^'.Pt = 51*61,:,'per cent. ■■ 

, ■', 0.11 ■-■heating, with 'h,ydrochloric-.''acid,-Y'm.n^-dipyridiii,odihydroxyl- 
'a,min.oplatinous , chloride ;,behaves\'in\'a'.;siiii-ilar manner to the corre- 
'sponding ammonia compound; the substance loses two molecular 
proportions of hydroxylamine and dichlorodipyrldiiioplatinum is 
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formed. (Founds Pt = 45-78. Calc.': = 46-03 per cent.) 

Tills substance possesses ail the ■ properties assigned to it by 
Jorgeiiseii (/. Ghem., 1886, [ii], S3, 489). 

Appendix, 

t^&^ns-Dichlorodiliych'OxylammQplaU^^^^ (d, p. 885). 

This substance, as stated by Ale^xander, is easily obtainable 
from the tetrahydroxylamin© compound, [Pt4NH2*OH]Claj by 
heating it with 'dilute hydrochloric acid, and separates from the 
solution, on cooling, in large orange needles or prisms. 

' In ' Complete, accordance with Werner's theory, it possesses the 
property ' ,of . a typical non-electrolyte, for it gives only a slight 
'.opalescence immediately after the additio-n of silver nitrate to its 
aqU'eouS' .solution, .whilst the complete pi-ecipitation of silver chloride 
is" effected only ' after a long time, .but- very quickly by heating. 
The conductivity measurements, gave .also, as was to be expected, 
'.yery low;’ figure.s' .approaching- zero ;.... V = 287 (^ = 25®) ; qx = 1 '25. . 

... A more thorough study of this' substance' showed that it' has the 
p'T'operty of , forming '.double- compounds .with certain., chlorides, such 
as,, ..the, chloride of, Eeiset's 'Base -'.I and, caesium' chloride. ' 

Two grams of ..the, compound, [Pt2NH2*OH;,Cl2], and ,2' grams of 
the' chloride, '.' [Pt4NHJCl2.,' were dissolved in B c.c.' of hot water. 
Oil. ■ cooling,' the additive compound separated in well-defined,' pale 
y'ellow, ■ prismatic crystals, fairly readily . soluble in water, the com- 
position of "which corresponds with the formula 

' [Pt2NH2-OH,Oy,[Pt4N^ ' , 

. ', 1*4070 gave 0'"0722 HgO. , 

,'''■ 0*2357''.' '0T309 Pk' Pt'=r55*54.., 

,y , ,Pt2,Hjg02N^Cl4,2H20., "requires H20=5‘13..y Pt=.55'*:58':P'er .n.ent^ ,, ' 
.The . 'water; "is 'eliminated at -lOO— ll'O®, ' but ,.,'not',.in' . a'; va.cuu^^^ 
desiccator over eiilph'uric. acid -'(.the:':' anhydrous^,' 'salt f ave Pt;= 58-5'l.''',p 
Calc. : Pt “ 58*6'8 , per, cent.)., , 

The double compound .with.-c2e.siii:m;'hM'Orid'e,. 

was obtained in a, .'similar.' manner and ^has aimosi the same 
properties; /.'y; ''';'.,'® 

PtCssH^Oghr^Ol^ requires €s=B9'76; Pt=2e'15; CI = 21*22 per cent'.' 

The ©xiatene© of these double compounds may be coiisidered 'as 
au indication of the property possessetl by the iioireleetroiyte, 
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[PtSNH^'OHjClo], of coinbiiiing with, two chlorine ions tO' yield tiie 
uiistabie complex anion, [Pt 2 KHo*OH,Cl 4 ]^^ 

Accordingly, tlie constitution of the doubie, compounds may be 
represented by the formul® [Pt2.NH2*OH,Cl4][Pt4IS[H3] and 
[Pt2MH2-OH,Cl4]Cs2. ' ■ • 

"The University, 

Petrogbad., [i?ecmwZ 24^//', 1918.] 


LXXXI . — Trimorphic Change of ■i-Nitroaceto-o- 
toluidide. 

By Peederick Daniel Ghattaway. 

Cases, of tiimorpliic change, although .several have been, observed, 
are sufficiently rare for a new one to be of interest. The pheno- 
m,enon is well shown by 4>nitroaceto-o-tolnidide, which on crystal- ■ 
lisation undergoes .two successive transformations before a stable 
state is reached. ' • 

By nitrating, o-toluidiiie.in t-lie presence of excess of concentrated 
siilphiiric acid, Nolting and Collin 1884, 17, 269) first ,pre-" 

'pared, tlie base, and by, heating with acetic anhydride converted: it. 
into 'the 'acetyl, d'erivative. . -"This they describe very, briefly ' as 
crystallising in yellowish-xvhite.. needles melting at 150' — 151^. 

Speaking in general terms, all anilides crystallise in one' of, three 
easily' recognisable forms, , immely, a slender prism'atic' form, a' 
compact form, and a hair-like form,, and' many have been obtained 
'in two of them. 

' 4-Nitroaceto-o-toluidide can . be; o-btained in, all three forms, the 
order of stability being ■ slender- prismatic,, -— > .compact hai:r- 
,like. ' 

'.It .is moderately .readily soluble- in . boiling,'' alcohol, ..giving., a pale- 
'..'yellow solution', .from which very . slender ..prisms ...of the first, or 
..a-form, separate on cooling. -These "are of. such .a pale yellow',. colour.-, 
'that when; .dry, they .appear almost: .colourle.ss.. ; .'If the .orig-inai. 
.solutio.!!' is, ".sufficiently 'concentrate'd,.'"' they'd' grow^ 'until the "whole''' 
liquid is filled, .with a. .,m.ass.. .of slender'.; crystals, generally radiating 
.'from a few': points.: If, these .cry'sta.ls '.-'are ' allowed to remain in the 
''..'in.other'' liquor at the ' ordina'iy 'lemperature,- smal^ yellow, six- 
■sided ' pla.tes... of the second, or j8-modification, soon make their 
appearance, and rapidly grow at the expense of the first form,' 
which dissolves in their neighbourhood, forming cavities pccupiet! 
by one or more crystals that may Increase to a considerable ske 
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and are usually well sliapecl. Tlie traiisforiuaticn into tlie second 
form is generally complete after tlie lapse ol a few days if tlie 
■beaker isdeft iiiidistnrbed, although the time taken depends greatly 
0^11 tlie average temperature, and is much shortened by occasionally 
shaking the transforming mass. When the change i'S complete, a 
relatively thin layer of welkshaped, compact crystals remains at 
the liot tom ot the beaker. 

After soine time, often before complete transformation of the 
lirsfc into the second form, a third, or ymiodification, malces its 
appearance in tufts of colourless, haii‘-*like crystals resembling small 
colonies of a mould or tiny balls of cotton wool. These increase in 
size, the compact form dissolving and disappearing until the whole 
contents ol the. beaker beco-me a -felted mass having a superficial 
resemblance, to a somewhat slimy jelly. From this, the mother 
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.!ic|uor 'is .removed only with difficulty by ■ filtrationb or ■ pressure. 
Birect' transformation -of the a- .into .the- y-form , occurs if the -mass' 
of slender - prismatic ciystals' first separating ' is . seeded with:. a ' few 
'-.erystals.-of the hair-like form.. ■■ 

- All -three 'forms, when, heated-,-' Bofte'n'^^and^^ at the same 
temperature, namely,' 150— which -..A'eeins';'' to -indica that 
])efore the fusion point is reached transformatio-n into," -the form 
most stable near that temperature takes place. 

Mr. T. W Ba,rker,',, who' has. very ---.'.Mildly examined the. crystals, 
.-.reports . on- 'them -as- -f-oiiows,b,^^ 

The first, or a-modification, crystallises in doubly-.-refracting- 
needles with straight extinction. ' 

The well-developed crystals of the ^-modification belong to the 
monoclmic system. Forms; c(OOl), ^210), h(OlO), o(Oll), 

very; rarely, «(021--)- -.ahd 
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^^(0r2). T1 i 6 general habit and conmion forms of the crystals arS' 
shown ill the figure. Crystallographic constants: b7^2W ^ 
rt-(48*^34'^)w(4P260^^, 49°43', 74-^10^ or, alternatively, a:b:c~ 

1' 17,8 : 1 : 0-6388, j8 = 105°50'. Three crystals were measured on 
the , two-cirele goniometer; following are the "mean values of the 
most trustworthy results: 


5(010). a (100). « (210), c(OOl) 

Azimuth Face of 0® (V 0® O' *74° 10' 

Polar distance ... reference 00 0 *00 28 '90 0 

r/(011). r(lOl). 

Azimutli 74° 10' 50° 13' (cale. — AO® 43') 

Polar distance ... *58 25 J 90 0 


Optically, hiaxial; axial plane, 5(010); extinction on 5(010), 37^^ 
with prism edge in, the obtuse- angle jS. Complex-symbol: 
4/t; + 16/42/ +3|. 

The third, or y -modification, .crystallises in hair-like, doubly 
refracting needles with an extinction of 35^. 


ITN,rv3i3RSiTV Chemical Laboratory, 

Oxford. [J?m’7rw7, October 21.9/, 1918.] 


LXXXIL— 3%e Preparation of Ethylamine arid of 
Diethylamine. 

By Emil Alphonse Werner. 

In? the preparation ■ of ethylamine and' of, dietliylaniiiie by tlie 
interaction of ethyl .bromide and ammonia, .it has,', been the usual 
practice, so far, as hitherto recorded, to -submit the whole ol the 
alkyl; haloid to the 'action of .ammonia in a„ single 'operation. 

- , This is ,a, faulty procedure, since it conduces’ largely to the form- 
ation „ of the less useful triethyla.mine, ' with, -cons'eq.ueiit loss in ' the' 
'yields of' , ,th.e primary ■ a,nd secondary .bases. - .Whether-,, the 'clia.iige 
•is ' prom'o.ted by 'heat or is^ allowed -to' proceed , at the ordinary 
temperature, ' the tertiary amine., has been ,' present in large.st .--amount 
iii'.'-the final product' (compa-re Garner ., and - Tyrer, T., I'9i6,,' '.lOSy 
174).--" '^' 

'The' author ,,'-has ,. .found , that ,.whe-ii-'--.et-hylam'ine' is , added,",,' to'.' -..'an 
a,icohoiic- solution of ,,diethylammonium; chloride,:, the-, displa'cem-ent, 
of the secondary amine by the primary is quantitative; thus 
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dietliylamilie only was obtained o-n distillation of tiie mixture after 
it bad remained for an hour, whilst under similar conditions the 
displacement of triethylamine from its liydro-chlorid© by diethyl- 
amine was likewise quantitative (Expts* I, II). 

A fair separation of all three amines, in the same order, has 
been effected by fractional ti-eatment of a solution of their salts 
with sodiiiiii li3;^droxide ; the tertiary amine was first liberated, the 
secondary next, and the primary amine last (Expt. III). 

It must be admitted that' these results go to show, contrary to 
the eommoiily accepted view, that triethylamine is the weakest 
liase of the three ami'iies. 

Reasoning' on this basis, and bearing in mind the relative 
tendency to dissociation of the respective ^ amine ^ salts, a pro- 
cedure'' has ■ been adopted whereby the formation of triethylamine 
has 'been 'almost completely suppressed. Thus, from the product 
of ' two experiments, in which 2090 grams of ethyl bromide were 
used, only 27 grams of triethylamine were obtained, 'whilst the 
yield of ethylamine was' 33*8 per.ceiit. /and of diethylamin© 57*5 
.per 'Cent, of the theoretical. 

The 'influence 'Ol th6..prop'Ortion of -ammonia to, ethyl bromide on 
the' yield of etliyla'inine, is ''sho'wn 'by Q\e following results : , 


Mfilecnlar ratio 

1 : 1 ' ■ 1 : 4 . 1:0 ,, 1:8 - IrHi 

Percentage yield of NH.Et 

oii.theo,retical ...... 113 244' " ■ 26-7 28-1 . 3,4*2 


, , The necessity of , maintaining a good excess of ammonia through- 
, 011 1 the progress of the reaction is i.ndicated by theory.' " 


. ,' EXP'fi'BIM:ENT'A.'L. ■ 

Pre para turn of Ethylamine and of Diethylamine. 

Five litres of 90 per cent, alcohol were saturated with ammonia 
(compare this voL, p. 698) until 490 grams of the gas had been 
'.dissolved,,, 200 ^ grams'.', of .''ethyl 

;KH|',,,,,,apprMiin'ately, ; 1 ''''to'....!''^), .■;;alt%.:' which, ■,,,:at''isuccessiv.'e,,:im,tery^^ 
,ol ',tW' 0 ' 'days; ,'fi^h, ,qu.ant'itiee';hf: i^O.''^rffcyt.haI'oid'''''TOm 

^afiov©', ratio of,.. ;'aphlQMa^';■|h ^as decom'- 

.posed,^^' 'were,, regula'ted 

electrolytic' 



BTHyi4AMI2s"E AKB OF' 'BIETHYLAIIIHB. 


901 


SO as fco maintain the desired excess of ammonia tlironglioiit tlie 
progress of tlie clsange,. In all, 1186 grams of ethyl bromide were 
used; ammoniiim bromide began to separate on the twelfth day, 
and on the sixteenth day the preparation was stopped. Test ex^ 
periments on a small scale ‘with pure alcohol had ■ shown that when 
ammonium bromide separated in quantity in the early stage of 
the process, , the formation of triethylamine was promoted when 
the reaction was prolonged. The reason is fairly obvious when 
the probable mechanism of the process is considered, hence -it was 
found advantageous to use alcohol containing 10 per. cent, of 
water. 

The alcoholic solution, separated from ammonium bromide, was 
concentrated by distillation (the ammonia evolved was used to 
charge more alcohol) until nearly all the ammonium bromide 
formed had separated, 362 grams of which were recovered. 

The solution of the hydrobromides of the^ mixed amines was dis- 
tilled until the temperature reached in order to remove the 

last traces of alcohol. Where it was not found convenient to 
liberate the entire quantity of the mixed amines by the addition 
of 'aqueous sodium hydroxide to the residue,, chloroform was used 
as a solvent , for their separation. . 

Ethylammonium bromide is dissolved by chloroform to the 
extent of only OT 63 gram in 100; c.c, at 14®., whilst the same volume 
of chloroforin dissolves 42 grams of diethylammonium bromide. 
By this means, 465 grams of pure ethylammonium bromide and 
510' grams of diethylammonium' bromide, containing slightly ' more 
than 5' per cent, of triethylammonium bromide, were obtained. 
After the separation of triethylamine (14 grams) by treatment with 
the requisite proportion of sodium' hydroxide, 226 grams of diethyl- 
amine, collected at 5'6— 57'5® and dried over potassium hydroxide', 
were .obtained. 

' . (a) Bisflcmement of DietJiylamine by Ethylmmim^ aifid of 
(h) Triethylamine by Bieihylamme^ 

,Expt, L—(a)\ Nine .grams 'of pure'" '©thylamine were, .added to 
12', ..grams of diethylammonium.' chloride',', dissolved ' in '30 ,„c.c. of. 
Alcohol. "'After, an ' hour, all free" amine was, removed by distilla'-'' 
,tion. The hydrochloride '■ prepared' f rom , the distillate, .gave 
',C1=, 32*33, 'whilst NHEi^,HCl 'requires -Cl =32 -42 .per. ,cent. The 
. displacement of the secondary amine from its , salt .was ' therefore 
complete.,..' . . . . 

■: '.M'sipi, JJ.— (5)' Eight "grams, of pure, diethylamine " were 'added to, 
15 grams of triethylammomum chloride dissolved in 35 c.c. of 
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alcoliol. The mixture was distilled as in tiie previmis exporimeat. 
Til© liydrocM/orid© prepared from the distillate gave 01=25*78^ 
whilst MEtg,,HGl requires 01-25*81 per ceut. The displacement 
of ■ the tertiary amine "by the secondary was therefore complete'. 

Separation of the Three Amines ly Sodium. Hydromde. 

Ex'p. Ill —Ho a solution which contained 13*8 grams of tri^. 
ethylaininoiiiipn chloride, 11 grams of diethylammonium chloride, 
and . 9 ■ grams o-f , ethylainmonium chloride dissolved in 60 c.c. of 
water, 4 grains of sodium hydroxide were added. The solution 
was well .'.shaken, and after twenty hours, the liberated amine was 
distilled, ' off r, 

'The hydrochloride .prepared ■ from it gave ■ 01 = 26*04, whilst 
NEtgjHGl requires. 0 = 25*81 per ..cent. The ..amine was there,fore 
almost, pure ■ trietiylamine. 

, To the remaining, .solution, wh.a.n. cold, 4 gleams of' sodinin hydr- 
oxide were-added, ,aBd„a similar, .'-treatment was applied. , 

. .... .The -hydro-chloFide ' .prepared 'irom the liberated amine gave 
C7|,=r/:i4/44.,;, which oorims|mnds\wi^^ a •mixture, in. round, numhers, 
of'dietliylamin©— ,8,5 .and. ethylamine'— .15 per cent.,. Th-e residual 
eoliition' .was directly distilled -, 'after a, final 'addition, .of sodium 
hydroxide, ' The hydrochloride.. prepared from the distillate gave 
Cl«=,4„l'*.12; . the,. liberated amine. ■■ had, therefore, .the appro.ximat:e 
.coim,po9iti,o!i,,. ethylamine:-75 . 'and'' diethylamine-=25 per cent. 
,r,hese results, iiidicate that this m.etho-d of . procedure' for .the separa- 
'tion , 'Of , the , .aminM may ' prov.e '■ useful ', on ''a larger scale, and,, ' the, 
siibjeG.ti,S'' under i,nyestigat.ion i.n .connexion, with certai,u,ol ihe', 
higher aliphatic amines. 

iJHIWEBSITT.ClBaB liABO'EArOllY, 


[Ee.cemed^ Octdbe.T 1918 ,] 
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IjXXXIIL — The Determination of the Molecidar (Join- 

plexity of Liqidd Sulphur. 

By Alex. Mitchell Xellas. 

SuLPHUE has a greater molecular complexity in solution, and also 
throughout a considerable range of temperature in the gaseous 
condition, than any other element, and its complexity in the liquid 
state would therefore seem to be of special interest. 

This was recognised by Ramsay and Shields, the pioneers, who, 
following up a generalisation of Eotvds (Ann. Phys. Chem.^ 1886, 
[iii], 27, 452), made the first series of determinations in connexion 
with the complexity of liquids, but they stated that no results 
could be obtained wdth sulphur, because of its great viscosity (T,, 
1893, 63, 1089). After further attempts, Ramsay and Aston made 
a similar statement as a final conclusion (T., 1894, 65, 167). 

Several years ago, the author, in carrying out the usual lecture 
experiment of preparing the plastic modification of sulphur, drew 
the conclusion that viscosity could not be the cause of the failure 
to obtain definite results, as sulphur is quite mobile from its melt- 
ing point at 115^ up to about 160°, when an abrupt increase of 
viscosity occurs. This evidently gave a range of about 45° for the’ 
determination of the variation of molecular surface energy with 
temperature, which is larger than that generally used by Ramsay 
and Shields. 

Freiiininary experiments showed that it was easy to get liquid 
sulphur to rise from 4 to 8 cm.' in capillary tubes, but also, as was 
to be expected from the difficulties encountered by such especially 
careful workers as those ' above mentioned,- that it was impossible 
t-o obtain .concordant results,. As, however, great viscosity— which 
at this stage was ■ regarded as an almost : insuperable factor — was 
evidently not the cause of ..the discrepa.iicies ' observed, the author 
started ' a series of experiments- in order , to determine the actual 
disturbing , .agents,, and, ■ after great difficulty, was' able to ' devise., a 
course -, of procedure which.’ allows ,. .of „ the determination of the 
'surface , tension, of sulphur' at,, any tem'perature' from ,its' ''m.'eltm'g 
,'poiiit„to' its,, boiling point (that .is, from.,.115°-, to' 445°),.' - 

■ - .Derivation of Suitahle *4 pjKtratus. 

, „ ■ , It was ■ ■ f , 0 'uiicl - necessary -’ ■ com'pletely to m odif y the apparatus 
'employed by Ramsay and Shields, which consisted of a sealed tube 
partly siirraiiaded .by a, vapour jacket. The capillaiy used by them, 

VOL.' CXIIL '- M x 
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was attaclied to a small cylindrical bulb containing soft iron, wliicli 
allowed of its being, raised into position by means of a inagnet 
(T., 1893, 63, 1094). It 'was found possible to work satisfactorily 
wifcli tliis apparatus only after Jacketing, the whole of the. reaction 
tube,' an electromagnet being employed to raise the capillary, but, 
as the latter frequently ,fractured when the sulphur solidified, thus 
causing great loss of time, it was eventually decided to alter the 
apparatus so as to allow of the use of thick-walled capillary tubes. 

Fig. 1. 





a- . b. „ 'f,. 


,A,f ter ' experiment, it was found' that 'the stout-walled tubing,, used ' 
'for,,',making', ethyl; ,cliloride ' Jets-^, was- suitable, "but, • bein,g' heavy, ' it, 
'was , necessary.; to,;,', manipulate ■.it-, .'from'f above.,''; '■ ;;The„, relationship; 
between the Eamsay and Shields type of capillary and that 
employed in the work described below is illustrated in Fig. 1 . For 
um in mobile sulphur, it was found convenient tO' bevel the top of 
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siilpiiiii% however, even ■ this precaution was iiisiifficieiifc, and it was 
eventually ioniid necessary to bevel each capillary ro-imcl the top^ 
like a sharpened pencil (Fig. 1, c). 

The capillary was contained in a long, cylindrical tube closed 


Fig. 2. 



by. a' rubber 'cork, through' :which';, passed a'.:stout, 'glass I'od^atte^ 
to' .'.the has©, of the capillary tube, as shown in Fig. 2. The rod 
,'was expanded into baffle-disks in ife lower portion so as to prevent, 
'booling of the surface of the sulphur by convection ciiirents. A 
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side-tube ■ provided witli ' a tap .allowed ol exbaiistion ' of the 
lumtal tube ' containing, tlie' sulpbur by ' means of a Topler :piimp,.v"';" 
■Tlie.rabe was'^surroimded by a '.vaponr Jacket, .and it was eventually, A ,■ 

' found preferable to use a long' .tube without condenser. The coii~ \' 
iiexion of this jacketing tube to catch-flask, inaiiometer, and air- 
chamber, which allowed of modification of the boiling point of the 
liquid used, is illustrated (Fig. 2). 

The upper portion of the sulphur and the scale in front were 
strongly illuminated by an incandescent electric lamp. As the 
capillary and scale were necessarily a considerable distance apart, 
a special type of telescope was employed which focussed clearly 
objects within an exceptional depth of field. The gas in the 
experimeBtal tube was kept dry by means of a side-tube contain- 
ing phosphoric oxide and sodium hydroxide, the latter reagent also 
'. absorbing' sulphur dioxide. 

y' Factors the Determination of the' 

Surface Tension of Sulphur. 

During the long series of experiments carried out while a suitable * 

' apparatus was being developed, .it was found that concordant results.^ 

' could ^ only be ■ obtained ; after- purification of the sulphur. Oii| 
investigation of the gases /pumped off after boiling, the disturbing! 

, agents -were evidently sulphur dioxide, ■ sulphuric acid, and hydrogeni| ■, 

, sulphide, a-nd also, perhaps, compounds formed from these substaiiceffi '■ 
by . reaction with sulphur, water being an accessory factor. TWi's / 

:■ ' agrees^ with the ■ experience. of-..Moissan (Ann. :clmn. Fhys,, l.S|07, 

... '[viii], 'I'O., 433),.; M'alus^(f6f^f.-',. 1901, [vii], 24, 491,)— -w,ho. found tlfbat 
,', fresh.. . gas.' w.as "evolved .even after eighty successive.' fusions — fWni 
-. .-- other; 'observers,' ■" 

. It ' was, found advisable ; not -to use sulphur which, had been^ ex- 
', ; .posed to . air, as ■ it seamed more difficult 'to .purify, w.hich agrees 
.with, 'the ; observations of ■ 'Leonard . (A ■ 1901,. '26, -319) '^and 
Dollacci.(5o/.L','c farm., 1908, 47, -363), .who state 'that sulphuric 
' ':..,;aci,d.'m,.a.y be' present in quantities' up to.0.*25 per cent. 

Method of Procedure. 

..'..At' first,, it was supposed that'it was desirable to start with pure^ 
sulphur,', ' ..a.B'd, . . the, , , purest ... crystalline sulphur obtainable was^/^' 
employed.' - 'It .was later ,fou',nd, 'however, that if commerci.al -flowers 
of sulphur 'Were once. 'distilled'' and'. ^ midd,le fraction used, , excel- 
lent results could be obtained " .after ; purifi- cation . from sulphur ',, 
dioxide and the other impurities' mentioned' above. 

Immediately after distillation, . the .sulphur was -poured into the 



MOLEOULAR COMPLEXITY OF LIQUID SULPHUR. 


907 


iieat-ed, dry experimental tube. Tbe capillary tubCj whicli bad 
been cleaned by wariiiiiig with potassium dicbromate and sulphuric 
acidj washed with distilled water, and then heated to about 350° 
in a small cylindrical electric heater, was inserted in the molten 
sulphur and the air (or nitrogen) pumped off. The tube was then 
filled with dry nitrogen and the sulphur boiled for fifteen to twenty 
minutes; after cooling, the tube was exhausted and left to remain 
overnight, again filled with di'y nitrogen, " the sulphur boiled, and, 
after allowing to cool to about 140°, the capillary was raised from 
the liquid and the behaviour of the sulphur noted. If the sulphur 
were pure and the capillary - tube clean, any bubbles of gas in the 
latter w^hicli were not spherical would be concave above and below, 
looking like cylinders with hemispherical ends, and between 120° 
and 160° would rapidly rise and escape-, slight reduction of pressure 
invariably causing a rapid rise. -If, on the^ contrary, the sulphur 
or tube were in an unsatisfactory condition, any bubble in the 
capillary would have more or less flattened menisci, and would not 
move, even on reducing pressure to a considerable extent. 

If unsatisfactory, the process of boiling and exhaustion “was 
repeated, but if the behaviour of the sulphur seemed normal, the 
tube was surrounded with the vapour of a liquid at a definite 
temperature and a series of measurements effected. Six determina- 
tions were generally carried out for temperatures below 160°, an 
agreement within 0*01 cm, being required, but in many eases the 
six readings were identical. At temperatures above 160°, ' on 
account of the eiiormoiis viscosity, 0‘02. cm. was the limit of error, 
and fewer readings were usually taken, because of the increased 
length of time required for each experiment. 

The substances employed as vapour jackets included glacial acetic 
.acid (b. p. 118°), chlorobenzene (132°), broiiiobenze,iie (157°),,. 
methyl oxalate (163°), aniline (183°),. ethyl benzoate (212°), 
quinoline' (237°), hronionaphthalene ' (277°), diphenylainine , (304°), 
pheiiaiitlireiie- (340°), and mercury (357°) p boiling^ iiquki sulphur 
(445°) ' was also^ us-ed. For -substances boiling above 300°, the 
jacketing tube was wide and had no' bulb at the 'end.' 

' ' ; The ' , s'lirf ace , te-nsion apparatus . was filled, with dry . nitrogen 
during- -the .purification', of '. the' sulphur,, in order to prevent ,.\'the. 
formation; : of sulphur' xlioxide'. Bodenstein and Caro. (ZeiUck: 

75, ' 30)- -have 'stated that sulphur oxidises 
-'slowly;' at . 150°. ' and' rapidly- near .the temperature of ignition — 
'approximately ..245°— which- seems', -to - agree - -with the results 
..obs-erved. It was found to be unsatisfactory to boil the sulphur 
in a vacuum, as. the .wh-ole'- mass .was 'apt to project itself up the 
tube at about ,20-0°. ' 
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Preliiiiiiiary experiments seem to indicate that aimiioiiia may, be 
used to* aid in the purification of sulphur, as ■ might be expected 
from Smith and Carson’s results. {Ber,^ 1902,' 35, 2992). . 

Beterinination of Badii of the CajMJdn/ Tithes Employed, 

In order thoroughly to test the method of working, and also* to 
find out 'whether the viscosity of sulphur afiected the results iii 
narrow tubes, 'seven capillaries were selected of radii varying from 
0'0999‘2 to, O'-OOSSo cm., that is to say, from approximately 2 mm. 
to 0*18 mm, in'diame'ter. The latter is, smaller in bore than any 
' of those employed by Ramsay and Shields or other workers (so far 
as the author has observed), water rising in it to a height of about 
16 ' cm . 

The , determinations of ,bore were effected by means of mercury, 
the following. 'being the mean values for the respective radii in 
cm.p.(l);'0*09996.,'{2) 0-05208, (4) 0*03318, (5) 0*02362, 

,(6) 0'G1523, '('^) 0*00895’; number (5) was afterwards found tO' be 
slightly oval in section. ' 

Determination of the Demiiy of Sitlphi/r at Different Tempeiatwres, 

As. 'trustworthy values of. the- density of sulphur at different;, 
temperatures did not seem' to' be -available, determinatiom , were 
' carried , out with three, different 'pieces of apparatus, nam„ely -(I) a 
, large,' glass dilatometer, with -a bulb"' of capacity. 61'* 287' ' 0 , 0 , at '0°, 

, (3) a, 'small quartz weight-the-rmometer, the volume .'-of '.which at 
'0° was "S' 63265 bc.c,, - and (3) a' large quartz dilatometer,," with a 
,,l}ul,b of,; -capacity 56*74 c.c. at 

.. .I'll the .case' 'of. 'the, glass. ;'dilatoinefe,: the .cubical ',co-effi,cient' of 
exp-aB.sio'ii' of bhe- glass, wa.s determined. ;and '-found,- to be-, 0’ 000026,8:., 
.The -c-oefficien-t' of exp.an.sion of'.' the . fused ,' .silica - ,wa.r6, used was taken 
as ',0-* 000,001 77. ^ The table o-n -p.. ,-.909 ''gives.' a eumm.ary of the values 
oM-ained.' „' 

The . agreem-e-nt 'of the, ■ different series ,' seems fairly satis,factory, 
but .'it must be noted that they .a.re not in accord with much of the 
previously- p'lib-lishecr results. :Por e.xainple, Ossan (Ann. Phys, 

■ CJAm., "18.34, '3.1,,, 33) gives' .a 'density -of 1-927 at 115^,, Rudge 

pm, 1910, 16, 59) ,r861 for 133°,- and 

Ramsay ' -('T., 1-879, : -35, '471) ..gives' 1*4.578 to' 1-513 as the density at 
the , , boiling ' ^ .point. , , Space ■ ■ considerations ,' prevent ' 'discussion of 
earlier work, Ij.iit it might .be '-'noted 'that Kruyt (Zeitseh, phydkaL 
1908, 64, 513) gives a useful bibliography. ", 

The peculiar - variation", of "’the coefBcie-nt of expansion- t-o-wards 
160° seems to point to an alteration' . of molecular complexity. 
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Tile relationship of density to temperature is well expressed in 
curve No. 1, which shows clearly the peculiar bend, beginning ai 
about , and resulting in a complete alteration of aiigiimeiit. 


iJeterminathn of Surface Tension and Molemikir Gompledty of 

Sulphur. 

The values for surface tension obtained in the, different series of 
csxperimeiits with the seven capillary tubes mentioned above may 
be most coiiveiiiently considered with regard to , sulphur between 
two ranges of. temperature:' 

Part I. Mobile sulphur (Sx)? 115^^ to 160°. 

Part II. Yiscous sulphur 160° tO' 445°. 

. This division is rendered- advisable,, because of the extraor.dinary 
variations in the viscosity of sulphur. Between T15° and 160°, 
the viscosity, varies only ..slightly,:- being, given by Eotinjanz; 
(Zeitseh, physikal. Ghern., 12Q8y 62 , 609) as 11 at 120°, and ,8 -at 
150°*"' The viscosity of- vvate-r at 100-° I-s 0*0028, 'so- 'that sulphur' 
near its melting point is about ■ 4000' times more v,iscous than water 
at,' its boiling, point. At ' approximately 160°, how^ever, , there ,' is a 
sudden alteration' of b; viscosity,- .which greatly increases. -The- 
augmentation continues up "to..- about ,187°,.. ' at which temperature 
Eotinjanz gives the viscosity as '52,000.., that is to say, 18,600,000^ 
times greater- than ' water at: 100°-,'. ' Above 190°, the- viscosity, 
diminishes, .becoro-ing' 13,30.0' at 240° and- 74 at the boiling point. 
It is doubtful, however, whether Eotinjanz w^as working with pure 
sulphur. ' 

Part I. . ' 

Deter nii^natiofi of the Surface ■ Tension^, Molecular Surfcice TGnergyy 
and Moleeulfir Com^iexity of Mobile Sulphur ,(Sx), ,115—160°. 

The results obtained ' with’ .the capillary 'tube o-f approximately 
1 inm. bore might be summarised' as typical, although presumably 
not quite so accurate as -'.'those, -determined with narrower tubes. 
The difficulty of obtaining correct values depends primarily o-ii. the 
impossibility of - reading' with- - absolute- accuracy the depth of the 
ineiiiscus- at .'the -siirface-.ol ■ the liquid in the vessel. The accuracy 
'is"'ge,iiera!ly witlii.,!! 0‘01 cm., and the- possible error would.be less 
.- !,f 'the. capil!,a",ry tube , were aligned so as. to- be e.,'xactl-Y in,, the centre 
of.the' expe,iimental tube. - ' - 
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Table II. 

Siimmanf at Eeyaflts (4 Four Serkr <4 E. a- per hue at » uhth 


Ga'inilarii Tub a No. 3 

Temperature. 116*4° 

r 1*27 : 1-27 

Capillary rise in cm. 1 1*27 : 1*27 
I 1*27 : 1*27 

Average capillary rise 
(cm.) r 1*27 


(Eadius, 0' 05 208 cm.) 

132° 142-8° 155-6° ' 

1-24 : 1-24 1-225 : 1-225 M9 ! 1*20 

1-24 : 1-24 1-225 : 1-225 1*19 : 1*19 

1-24 : 1-24 i-225 : 1-225 1*20 : 1-20 

1*24 1-225 M95 


From sucli results, the surface tension can be calculated by 
working from the general equation usually employed, namely, 
y x2iTrx cos 0 = 7rr- x (A--fr/3) x {d-d^)xg, where y is the surface 
tension, r the radius of the capillary tube, h the capillary rise, 
■r/3 the correction for capillary meniscus, d the density of the 
liquid, di the density of any gas above the liquid, and g the 
acceleration of gi'avity. The density of the vapour can usually 
be safely neglected, and since molten sulphur, wets glass, cos ^0' may 
be taken as unity. 

As previous workers have assumed that there is a definite coU'- 
tact angle between sulphur and glass, and Rudge' (Proe, (Jamb, 
Phil, Soc,y 1910, 16, 55) has determined the angle by two methods 
to be 60°, the author has summarised his reasons for the above 
conclusion in a separate paper, and need only record here that 
the behaviour of sulphur during purification seems decisively to 
negative anytihing more than a very small contact angle. 

Ill the case of pure fused sulphur, large bubbles of gas in the 
capillary tube, were, as already noted, cylindrical with heinisperical 
ends,, and bubbles of the. same diameter as the capillary tube or 
smaller were appare-iitly spheres, and the contact angle . seemed to 
be zero, the sulphur appearing to wet the glass.. In' the case of 
impure sulphur, these' relationships did not .hold.. There seemed 
to be inconstant contact angles, which might differ considerably in 
different parts of the ^ same capillary 'tube, .and often approximated 
to 90°. The diagram on p.' 912 (Fig. 3) gives an idea of the nature' 
of' the bubbles in the two cases. 

The change in . form of the ■hubbies as ^represented for ' impure' 
and pure material was invariably accompanied by a great .increase 
,of ' surface tension, which might nearly'- double or triple in "a ' very 
short time, and '.then seeme-d to .'remain absolutely constant , for', a 
given te'mperatiii'e, 

■" It might also" be pointed ' o-ut' that" .a contact angle; of- 60°, is 
improbable for -two other ''reasons. '■ .' In.'fhe first , -place,,- ,' it -' would" 
mean multiplying the- values .of' surface tension summaris-ed' below 
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by 2 , wiiich would raise the surface tension of sulphur for tempera- 
tures above 115'=' to more than double that of water, in the second 
place, if the contact angle between sulphur and glass were 60°, the 
formula deduced from the variation of molecular surface energy 
with temperature could be represented at 83 , which, in view of the 
known, aggregations of sulphur in the .gaseous state and in solution, 
seems cjiiite inadmissible. 

Assuming the angle of contact between sulphur and glass to be 
zero, the values obtained for surface tension and mnlecular surface 
energy are suiiiiiiarised in table. Ill (p. 913). 

The mean of the above eleven values for the differential co- 
efficient, ii.|, is I'OOS, which would give 3-05 as the multiplying 

Fio. S. 




facte for h it' mu^ however, that capillaries Nos. 1 

and 2, of diameters 2 and 1*5 mm. approximately, were primarily 
employed for exploratory ■'vpurp.oses'.;' in ''''connexion, with ' viscous 
sulphur, and the results are '■"'■given 'In order to- show that such 
capillary tubes are rather wide for accura.t© work, and the values 
'.obtained should not be meluded"''m".^ any .gen .era! averages.' Bx- 
/ciuding'.dhes'e; determinations of ''A'l, the mean of the remaining 
nine' series' is , I'" 0'3, . which"' gives'- 2'96 ''as the average value for 
P our ■ of ■ ■■'these values' of , -Ki ■ represent, however, comparatively 
small temperature limits, and what is required here, is an' average ^ 
value of A”-! for the ;who'le ■ range of ' 'temperature during'' which 
sulphur remains mobile a'fter. melting, 'that is to' say, for the ''range. 
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115° tO' 160° inclusive. Average values of molecular complexity 
for tills range can be computed from table IV (p. 915). 

Tiiese average values for the multiplying factor seem clearly 
to indicate tliat it is approximately 3, and tlierefore a miiiimioii 
of 95 per cent, of sulpliur between 115° and 160^ must liave a 
iTioieciilar coniplexity represented by the formula S^;. If the 
Ramsay and Shield’s method of calculation be invalid, then the 
value of S^;,, indicated from above results, would be merely a 
coincidence, but, if so, it is a remarkable one. The analogy to 
aggregates, of is obvious, 

Prirf II. — -Determination of the Molecular C omjilexitni of I'ncovsi 
Sulphur. Temperature Fa?ige^ 160 — 445°. 

It has been already stated that at approximately 160° there is 
a sudden increase of viscosity, which, according to Rotinjanz, 
attains a maximum of 52,000 about 190°. The enormous viscosity 
during the earlier part of the temperature range considered 
(160° to' 220°) causes difficulty in carrying out the experiments. 
The time, recpiired may be considerable; for example, , at 183°, even 
with a tube of 1 mm. diameter, the time taken by the sulphur in 
falling the last O’o cm. was more than three hours,' and in the-' case 
of the capillary of radius 0*03318 cm., the time taken to fall 0*5 cm. 
was about twenty hours, and the final readings were taken twenty- 
five hours after the capillary was raised into position. Presumably 
time of fall x l/r^, and therefore only tubes above 0*02 cm. radius 
can be coEveniently used for .the -range 165 — 220°. 

.A siimmaiy. of the .results -obtained is ..given in. table' V. 

As a preliiniiiary to the consideration of the above results, the 
variation of surface tension from melting point to boiling point 
'ni',i.ght .be represented by .a '-curve in^ a' typical case. ' Curve No. 2 
' (Fig., 4, :,p', - 917) shoivs the relationships., graphically, -.and '.'indicates 
that the,- surface, . tension, 'as,' --such '.■.s.eems' , not ,,:to be affected ..by the 
'viscosity,'. and. fails. in,'. "two',. conhuent ...phases from melting point to 
'-. b-Diling point-, '- The "remarkable'- analogy of this oiirve to that ex- 
pressing ''the" variatioii of- density .with te'm.perat'Ure is evident, 

--'As 'reg-ardS' -the, molecular, com plex'ity of viscous -sulphur, con- 
sidering the results' Tor capillaries S' and 4,' which, as previously 
pointed 'out',' are . alone valid, the varia'tions of multiplying factor -for 
are between 6*8 and l-4*'3, .which would correspond -with' Sji and' 
S^s or S 20 ' resp'eeti'vely. - It must be -noted, - however, that' the' -only 
high values are between 160° 'and 183*5°,' where the' variations .of 
capillary rise are so small as to be- within the limits -of error, and 
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ttierefore, for sulpkur of very great viscosityj it would be inadvis- 
able to lay any stress on values calculated for a short range of' 
temperature. One^ sboiild nevertlieless be able to- deduce approxim- 
ations for long ranges of temperaturej and to decide wbetber the 
complexity remains nearly unaltered or undergoes distinct varia- 
tion between 160*^ and 445°, provided that the Ramsay and SMeld^s 
nietbod of calculation can be used for extensive ranges. 


Fig. 4. 



Upper curve (No, 1) shows the variation of the demsiiy of mdphm with 

temperature, 

"Lower curve (No, 2} shows the variation of the surf me tension with/' 

temperature, 

: A consideration of ' the ■' values obtained "for tbe .following "lour 
temperature ' limits should' give, sufficient material for deduction of 
.conclusions : (A) ,■ 160° ; ■ .to ' ■ 211^ ' '■ 'and ' ' 240°, ' (R) ' '240— 357°, 
(€) 357—445°," (i}>,l60—445^b''''-'''^':-'',':' 

, '.The ,'m,oleeul:ar', complexity .’for 'temperature ra,nges of 80°;or more' 
varies h'etweeh S 34 and ; .S' 2 Q’,',',''and^ for 'still.."'lo’nger"". ranges'' seems' 4,o'' 
approximate^ tO' .'Sis* Although 'the above results',. '.'can '-.'only be 
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regarded as first' approximations, the similarity of the values 
obtained seems sufficient tO' Justify the assuiiiptioii that near 160"" 
sulphur polymerises to form a complex which, remains stable 
up to near the boiling point. The equation representing the 
transformation in the neighbourhood of 160° would therefore be 
represented by the symbols SS^; ( 86 ) 3 * 

The alteration of orientation of the components of the^ molecule 
Sjj before and during polymerisation, might explain the peculiar 
variations of the coefficient of expansion already referred to. It 
would be easy to represent graphically complexes of Sjg, which on 
decomposition near the boiling j^oint might be supposed to give 
the aggregates Sg, Sg, and So, which, according to Premier and 
S'Chupp {Zeitsch. i}liysihal. Cliem., 1909, 68 , 129), are present in 
gaseous sulphur. In particular, their emphasis of the complex S|j 
is ill accord with the above results for the liquid state. 

As regards other important researches, it is evident, however, 
that the value for viscous sulphur (S^) cannot be regarded as 
in agreement with the conclusions of Smith and his collaborators, 
or others, who regard as Sg, but the author has no intention of 
considering fully what might be termed collateral work in this 
paper, as it would mean undue expansion. 

It might perhaps be argued that if polymerisation occurs in the 
neighbourhood of 160°, then above 190° the proportion of found 
by rapid cooling should be constant. This need not necessarily be 
the case, however. The rapidity of the reverse change might be so 
great, even in the presence of substances like sulphur dioxide, 
which Smith has found to act here' as a catalytic retarder, that 
only a small proportion of the complex aggregations could' be , caught 
and kept as such by cooling in ice; such aggregates would be in a 
strained position at the ordinary temperature. The complex mole- 
cules at high temperatures , would be more easily preserved by rapid 
cooling, as there would not be time to alter the greater' orientation 
0 "f the atoms in the m'olecule or of the aggregates of w-ith regard,' 
to each other. What is, called plastic sulphur need hot, the'tefore,' 
be , so homogeneous as Sjg- in the liquid state', but. might consist of 
aggregates in S'lightly , different conditions of strain. The poly-.' 
merisation may depend on the lo-wering .of the valency O'f . sulphur 
with, , rise ' of temperature ’ 

Determmation of Surface Tension of '0'5'Ser^m'., 

The results' of Zickendraht, Pisati, 'Capelle,. and' Rudge might ^ 'be. 
.briefly' 'cO'inm,eiited, on, ■ but.' only ''those O'btained ' by ' th©'..'first-iiam' 6 d' 
observer' approximate : at .any temperature to those given " 'above. 
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Near tlie melting and boiling points, tbe values of Zickeiidralit 
and tlie author are nearly concordant, but for viscous sulpliur the 
results are quite different; for example, at 250° Zickendraht (/Irm. 
Fhfsik, 1906,. [iv], £1, 141) finds a surface tension of 118 dynes 
per, cm., as against 50 dynes given in table V. It follows that 
above 160°, Zickendraht’s curve showing the variation of surface 
tension with temperature rises and then falls abruptly' in a very 
peculiar manner. 

The results of an earlier observer, Pisati (Gazzetta, 1877, 7, 357), 
are somewhat similar to those of Zickendraht. His surface-tensioii 
curves show a corresponding transverse wave. 

A third experimenter, who found that the surface tension of 
sulphur increased with temperature, was Capelle (Bull. Soe. chini., 
1908, [iv], 3, 764), who obtained a small increase of surface tension 
between 125° and 142°, and then a rapid increase between 142° 
and 160°. A few of the results obtained by Capelle, with 
approximate values calculated from table III, are as follows: 


■ Temperature 

. 125A 

135^ 

142^ 

152t 

160 k 

Capillary rise ( Capelle) , ■ cm. . ,. . 
Calculated values, cm. 

. 2-08 

2-08 

2-10 

„2*50 

2-74 

. 5-47 

5-39 

5-33 

5-24 

5-18 


It is evident that the curves representing these numbers differ 
both in degree and character.'. 

Another research, where the presence of dissolved substances 
interfered, has been already referred to in connexion with angles 
of contact. Rudge (/oc. cf A) stated that he found no change of 
s'urface .tension : with temperature between 122°. and 164°,' thus 
differing., entirely '; from the' observers- already mentioned.' 'The 
reason for /this statement 'depends ' on ■ the experimental : '. error 
(0 *07 5 cm . ) for one temperature being greater than the variation 
. '-of -capillary .rise," sh-oiil-d have ''been . for V30° with, 'the, „',tube '. -used 
(r=0’0,515„,cra.-; compare .table T-I'I). 

The mean- value--' of - capillary:, 'rise' is ■given ,: as' 0" 246 cm. at ', 133°; 
and the corresponding surfa-ce tension ■'.'llbB:' dynes.' '''The calculated 
■-values:, are' 1'2"7 cm. .and 6,9 'dynes "■,'per- cm. approximately. 

■ The results of the a'b-ove-' series of researches 'indicate conclusive! v 
that unless sulphur 'is .:n.©arly-, pure — ^th© author makes no claim ,tO' 

:,' have, prepared absolutely ■ pure ■■ sulphur — no .definite values can be 
, , ' - found ' ,f o.r .the' surface- , tensi-on .'■■".. 

;,',- The, .critical temperature -''can be, 'calculated .from ' the above 

values. T^=7(__2'' 'where t is the temperature of ' expe-ri-: 

ment. Two results are obtained,, one pertaining to the complex 
Sg, namely, 766°, and the other corresponding with the aggregate 
Sjs, namely, 1390°. 
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Other Methods of determining Molecular Complexity from Surface 

Tension Bata, 

Til e ' validity of tlie Ramsay and Shield's metliod o-f calciilatioii 
as a means of determining molecular weight has been questioned. 
The values of molecular complexity or of constant (K) obtained 
from, specific formulse by a few other methods are summarised 
below. 

(1) The specific cohesion {a-} is 6*8 at 119*4^'; instead of 4' 3 as 
previously given, showing that sulphur does not obey Quincke's 

law. Walden and Dutoit and Moiiou give = 1 7 ' 9 = X. 

** ^ X lU**^ 

The value of K for sulphur at 119*4® is 66, computing as 450. 

l/r/2 V 102 

(2) Walden and Kistiakowsky state that ^ = 1*162 = 5'. 

Jf for sulphur by this method is 164*3, indicating a molecular 
complexity between 5 and 6. 

(3) Dutoit and Moijou's' empirical relationship •betweeii^ If, 
pressure (p) at the boiling point, and cr indicates' for sulphur' a 
molecular complexity of 6 to 7. 

(4) Walden states that — — = /i'~3'65, where 21;^ is the abso- 

1(f) 

lute melting point. Here the formula deduced for the melting 
point is, Sg (approxiiualcly-). „ 

(5) Walden gives =5r = 13*3.. . ' The molecular formula 

deduced' for sulphur would be S14. 

(6) . Longinescii's method of calculation, 'n= [Jq^) mdicates a 

formula for 83^2 the boiling point. 

(7) Application of Trouton’s 'rule, a'nd Dunstan's .method' of 
calculation from viscosity, seem' to point • to a high molecular 
complexity. ' 

All the above , methods ■' of. calculation indicate' considerable 
association. .Whilst the complex Sg is- apparently corroborated -in 
several calculations, yet the Ramsay and Shield’s values , 'seem ' t;0 
agree better with th-e experimental 'resullB. 

Summary of Conclusions. 

-(I-)' Contrary, to ' statements -..by'.- various observers, ' the .'surface', 
.■tensi-on 'of liquid: sulphur .can 'he' determined .by means -of .' .capillary' 
tubes' betw'-een 'the ' melting point- -(115®), and the boiling point 
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(445*^). Impurities (especially sulphuric acid, sulphur dioxide, and 
hydrogen sulphide) must he pre^viously removed. 

(2) Sulphur can he pimiied by distillation and subsequent boil- 
ing ill dry nitrogen^ the gases evolved being pumped off. 

($), Stir face Temion of Mobile SulpJmr (115 — IGO*^), S;^. — A 

mean value for five capillary tubes gave surface tensions of 60*46 
and 56'38 dynes, respectively, for llO'd*^ and 156°, the correspond- 
ing molecular surface energies being 653'4 and 615*9 ergs. The 
corresponding value of lix is 1*02, and the average multiplying 
factor for S 2 is 2*996 (approximately 3). 

(4) The molecular complexity of at least 95 per cent, of mobile 
sulphur (Sx) between 115° and 160° is presumably represented by 
the formula assuming the validity of the Eamsay and Shield’s 
method of calculation. 

(5) The angle' of contact of sulphur and glass is taken as zero' 
for. reasons assigned., 

■ {%}. Surface •Temion' of Viscous Sulphur (160 — 445°), S^.— In 
disagreement with the results observed by other observers, the 
surface tension of sulphur falls continuously from the melting 
point to boiling point, being 48*2 dynes at 280° and 39*4 dynes 
,at 445.°.' 

(7) The nioiecular complexity alters about 160°, and it might 
be stated as a first approximation that an endothemiic termolecular 
polymerisation appears ' ,to . occur near that temperature, 
3Sg (S^)g,. The aggregate Sjg. seems ' to be stable up to near, 

: the boiling point. 

(8) The polymerisatioii may 'be-'.due to a tendency' of sulphur to, 
,low©r its valency Avith ' rise of temperature, the complex .'Sq po 9 ',sess- 
,ing a residual valency at 160°. ■. 

, (9) Other .methods of : calculation of; molecular com,plexity : seem 
toemphasis© the '.aggregate Sg, butThe results do not seem, to' accord' 
■.with.' experimental ',averag€s so,, well. as'''.those,' of.' tho .B'amsay ''and 
Shield’s . , method,. , ,, 

',. ( 10 ') Calculations of critical 'temperature give two- variant' values 
cl6p'end.in.g oii.'temperature' of' calculation. ■ Above 160° 'the value 
.found, is .1390°,' corresponding '.with, the complex Si,8. Below 160°, 

' the inadm'issible value of 766°' is obtained, , corresponding with S 0 . 

■Chumioal Defahtmext, 

', ' 'Ston:i«sBx 'HospiT.An ConunoE, 'Looton, W. 

[Eeceivedt August 28th^ 1918 .] 
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LXXXIV. — The Freezing Points of Mixtures of Phenol^ 
Q-Oresol, m-Cresol, cvnd ]}-CresoL 

By Harry Mebforth Dawson and Christopher Archibald 

Mountford. 

In connexion witli some'^ experiments whicli were undertaken witk 
the object of devising a method for the estimation of the residual 
phenol in commercial cresyiic acids, the authors ivere led to the 
consideration of the question ol the application of physical methods 
ill the analysis of mixtures of chemically similar substances such 
as are presented by mixtures of phenol and its homologues. 

Although, in general, homologous substances can be separated 
by fractional distillation, this method is less widely applicable to 
the separation of isomerides. The tar acids obtained by the dis- 
tillation of coal consist for the most part of phenol, cresols, and 
xylenols, and on the basis of the boiling-point differences it is 
possible to separate the complex mixture of tar acids into fractions 
which consist for the most part of (1) phenol, (2) o-cresol, 
(3) m-cresol and p-cresol, (4) xylenols, etc- 

In the absence of any large demand for pure cresol fractions, 
commercial fractionation is usually limited to the production of 
distillates rich in phenol, from which carbolic crystals may be 
obtained by crystallisation, and of fractions of higher boiling point 
containing little phenol and consisting mainly of the three cresols 
mixed with xylenols. The efficiency of commercial fractionating 
plants varies very considerably, and although it has been found 
possible to realise the above series of fractions by the us© of suit- 
able fractionating columns,, this result has not been' generally 
aimed at and is by no means frequently attained. Mixtures of 
phenol and its homologues are therefore not only met with' in the 
course of the complex fractionation; processes, , which are not, in- 
frequently regarded as being of the nature .of . trad© secrets, but,,, 
appear also as the finished products, of the tar distiller. 

, Such products offer an ^interesting , analytical problem, and' the. 

' authors, have had in,mind- the application of their results tO',this' 
,probl,em. in proceeding 'to 'the, investigation, of the, q.uatem,ary,, 
system having phenol and .the ''three, isomeric, cresols .as' ".its", 'com,-' 
'ponents. ■ 

The. fact, that ''three ' of ’.'.■these components are is.omerides, and 
" ho.mologoii,s ■ with the fourth involves ^ n'ot only, ■ a. close , correspond-,' 
enc6,'i,ii their",' chemical, "behaviour? ■■ but ,,,. -also '■ ,a, . degree.:, 'of, .approxim- 
ation in their ■ physical properties ■ that 'namows ' very, consid'erably,' 
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tte foundation on wMcli a metiiod for tlie estimation of the several 
components in any given mixture may be built up. 

Preliminary experiments showed that tbe^ freezing-point relations 
were likely to be of the greatest' value in. 'connexion with the 
analytical problem, and for this reason we have made a detailed 
examination of the freezing points of the six possible binary com- 
binations, as well as of. certain ternary and quaternary mixtures. 

. The phenol and cresols used in the investigation were purified 
■by distillation and crystallisation. The phenol was obtained from 
a commercial sample of carbolic crystals, w^hilst the w-cresol and 
l>-cresol 'were synthetic products. In the case of o-cresol, observa- 
tions were made in part with a _ purified commercial sample and 
ill' 'part .with a substance of synthetic oiigin. The hygroscopic 
nature' of all four substances demands the utmost care in manipiila- 
tioB.,' and special precautions were taken to eliminate the last traces 
O'! water 'from all the materials which were used in the freezing- 
point' determinations. For the removal of w'ater,, it was found 
most convenient 'to heat the substance in a retort for two or three 
hours, the supply of heat being regulated so that, during this 
time, ''fro.in 5 to 10 per cent.- of the -.substance distilled over. The 
■ resi'dual ' 'liquid /was then 'im.mecliately tra^nsf erred to a dry, well- 
, stoppe^.red bottle. 

The actual data which are recorded in the paper repre-sent" the 
results of' observations of the lowest 'temperatures at which .the 
various' mixtures undergo complete liquefaction. Weighed q'uanti- 
ties of .'the components were, introduced iiitO' glass tubes, about 
10 cRi., long and , 1 cm. in ■ diameter, the tubes being carefully 
sealed' with due regard for, .the -necessity , of avoiding the introduc-' 
.tioii of w.a'ter vapour . during; the . process.-, . , A preliminary.; and 
'approximate determination ' of the temperature of;, complete lique- 
faction, was then:, made, after 'which the mixture was' again ,soli'dified 
a'n-ci.,'the., mBlting,-point tube attached-, -diam-etrically- to , a rO'tating 
,''.whe'el supported, in ; a large water-bath, the. tein.perature .of which 
could' be raised: very-' slowly. During this pro^cess,', the contents' of 
■,.;.the,'tub'e were -thoroughly ^m-ixed-', and '-the -temperature at which the 

"Sinoe-.liliis p'ap.er was s.ubmi,ttedto the Chemical Society, a coin]!iiuiiicati.oi]i 
''on the- -same 'sublect -has been published 'by Fox and Barker (*/. Sqc. Ghem» Ind. 

'. 1918, -Sf, 208').. ',' The results' obtained 'by these observers differ very consider- 
ably f rom ' tlio.S'6 recorded in 'the .present paper.: The discrepancies would 
appear, to, be 'mainly due- .to the circumstance' that the workers in the Goyern- 
mc'nt laboratory h^ave' -made .use of a method for the determinati.on of the 
freezing 'points which -does n.ot give satisfactory results for many of the 
mixtures ,esamm-ed, .whilst' it would' 'seem that the' substance .they have, 
-assimie-d to'bevp'ure' :m*-ere'Sol consists of, a mixture of about 85- per- 'cent, of- 
»i-c:resol and 15 per cent. , of p-cresol, ■ 
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last crystals disappeared was registered. In virtue of tlie pre- 
liiniiiary measurement, it ’was possible to set tbe temperature of 
the water-bath about 1 — 2 ’^ below the temperature to be ineasiired, 
and to adjust the heat' supply so that the temperature rose very 
slowly. 111 the case of' the mixtures of higher melting point, the 
temperature of complete liqu'ef action could be determined in this 
way witbin but at the lowest temperatures the precision 

of tbe measurements was not quite so great. Tbe temperatures 
at wbicb liquefaction is complete correspond witli those at wbicli 
crystallisation of the liquid would begin in tbe absence of super- 
cooling, and in what folIow's these temperatures will be referred to 
as freezing points. It should be mentioned that the crystallisation 
of certain mixtures does not occur at all readily. This is particu- 
larly noticeable in the case of mixtures which contain a large 
proportion of in- or p-cresol, and inoculation of the supercooled 
liquids was oceasio'nally found to be necessary to start crystal- 
lisation. 

Before proceeding to give the results of our experiments, it may 
be appropriate to refer to the considerable discrepancies bet-vreen 
the values recorded for the melting point of phenol and the cresols 
in the literature. We have made no attempt to reconcile these 
divergent numbers, and the freezing-point data recorded in this 
paper are not put forward with any suggestion that the phenols 
were absolutely pure, although all reasonable precautions were 
taken in regard to their purification. 

In reference to the tables in which the experimental data are 
recorded, it may be noted that the composition of those binary 
mixtures which contain phenol is expressed in tenns of both weight 
percentage and molecular percentage. -Bor mixtures of cresols, 

Table I. 

Phenol and o~Greml, 


Weight 
per cent, 
cresoi. ' ■ 

Mol. . 
per cent, 
cresoi. 

F* P* 

Weight 
per cent, 
cresoi. 

■' ' Mol. . 
'per 'cent, 
cresoi. 

,F. p. 

0. '■ 

^ 0"' 

40*5“ 

38*96 

■ ■ .' 33*78 

'. 19*7°, 

9-00 

7*93 

35*8 

39-43 

36*16 

19*9 ,■■,'.' 

"■ , 14*72 

13*06 

32*6 

32*05 

42-47 

39*12 

19*85 

'15*82 

14*06 

46-10 

42*68 

19-85 

■ 21*46 : 

19*22 

28*7 

48-81 

45*35 

..' 19*96. 

'24-54' ,' 

', , 22*06 , ,' 

27*05 

68*63 

55*23'. . 

20*76 

'"Mm ' 

'■ 25*55.' 

24*65 

69*70 

..'66*69.', 

'22*5,' 

".''30'-69 

27*82 

23*1 

■■"■■"■■"■■75*75 ■ 

\.73*11" 

■' 24'*06 

.31*84" 

.' ' 28*9' 

23*0 

80-00 

77-69 

^'24-86 

34*27.,',' 

,' 31-2L . 

21*15 

86-93 

85*11 

26*7'"' 

"'34*54 

"",'''3I:*47'' 

'2^2:: 

91-41 

' ','90*25 

27*96'.'. 

', mm ' 

32*87. '",v: 

'■20*.'55 ' ■" 

100 

■' I'OO 

30*46 ■. 
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the two- series are,, of course, identical. In the freezing-point 
diagrams which have been constructed from the experimeiital data, 
the composition of the mixtures is plotted in terms of the molecular 
percentage. 

The freezing-point curves for mixtures of ])henDl' and o-cresol 
(upper curve in Fig. 1) appear to consist of two branches corre- 


Fig, 1. 

Phenol and o-'Cresol, 
o-Cresol and m.-cresol. 



Mohcular pe)x-mta^ge of 'o-cresot '{upper curve),. 

„ m-cresol {lower curve), . 

sponding with twm .series '■ of mixed crystals. Starting from the 
.eutectic,, the o-cresol 'branch shows- very little change in, the freezing 
point up to about 50-iiioIs. per cent, of o-cresol, and for this reason 
it is scarcely .permissible to deny 'the -possibility that there is an 
intermediate branch corresponding with a compound. There is, 
however, no ; clear .evidence of compound formation ' in, the case of 
this particular binary combination. 
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Table II. 


Phenol and mdjreml. 


Weight 
per. cent, 
cresol. 

Mol. 

per cent, 
cresol. 

F. p. 

0 

0 

40-5=^ 

11-73 

10-32 

35-4 

16-26 

14-35 

33-55 

24-23 

21-75 

29-95 

29-83 

26-96 

27-4 

39-98 

36-66 

22-8 

43-44 

40-00 

21-1 

48-37 

44-92 

21-6 

56-54 

53-07 

24-0 

60-40 

57-01 

24-95 


Weight 
per cent, 
cresol. 

Hoh 

per cent, 
cresol. 

F. p. 

61-93 

58-59 

25-05'' 

70-25 

67-24 

25-8 

74-36 

71-62 

25-25 

79-72 

77-37 

24-2 

81-94 

79-80 

23- i 

87-54 

85-92 

19-5 

91-52 

90-37 

15-2 

93-72 

92-85 

11-2 

95-89 

95*31 

7-6 

100 

iOO 

10-0 


Fici. 2. 

Phenol and m-cresol. 
o-Oreml and p-cresol. 



The freezing-point curves for mixtures of phenol and m-cresol 
(see Fig. 2, curve I) are well defined,’ and dearly the form- 

ation of a compound containing one molecule of phenol in com- 
hination with two molecules of m-cresol. The flatness of the curve 
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suggests tliat tlie compound is very considerably dissociated in tlie 
liquid stat-e. Tlie compound melts at about 25 '9°, and tlie eutectic 
mixtures wbicli are characteristic of , this binary system correspond 
with 44'8 and 95*2 per cent, hy weight of m-cresol, the correspond- 
ing temperatures being 20 *2^^ and 7-3^. 

Table III. 


Flienol and 'p-Gresol . 


Weiglit 
per cent, 
cresol. 

Mol. 

per cent, 
cresol. 

F. p. 

IVeight 
per cent, 
cresol. 

Mol 

per cent, 
cresol. 

F. p. 

0 

0 , ■ 

40-5® 

53-90 

' 50-45 

o*r 

I2*5'0 

11*06 

32-35 

57-50 

54*06 

. 0*75 

20-04 

18-00 

26-8 

60-55 

57*17 

0*8 

24-50 ' 

■ ■ 22*02 

23-9 

62-88 

59*59 

'4-65: 

29*07 

' 26-27 

19-6 

68-18 

65*10 

''■^"'lO-O''^' 

33*76 

■ 30*75 

15-25 

76-27 

W3-6T' 

16-55 

38*21 ■ 

34-92 

11-05 

79-60 

. 77*25 ■ 

. 19-5 

42-45 

39-07. 

6-65 

83-63 

81-64 

22-3 

43-22 ■ 

39-83 

4*9 

84-17 

82*23 ■ 

.22-75 

45-11 

■ 41-70 : :■ 

- ■2-6 ■ , 

91-47 

90-32 

'28-15 

47-37 '. 

43-93 

0-2 

96-06 

95*49 

31*2 

.49*77 

46-33 ' 

1-4 

100 

100 

34*15 


The curve system for mixtures of phenol and p-cresol (Fig . 3 ) 
affords evidenc© of the formation of a compound which crystallises 
at low temperatures from a limited range of mixtures. Although 
the freezing-point curve corresponding with the compound has not 
been determined with the desired precision, it seems pro'habk.that 
the compound . contains one molecule of phenol innomhination with 
two molecules of ' ^^^creS'ol, ' and that ■ .the .correspondiiig ■ curve' is' 
terminated by a eutectic point on-'.th©. phenol side and hy a' transi- 
tion pomt, on .the , p-'Cresoh's-ide.' .. The '.compound crystallises, , only, 
from. ■ mixtures ■, which . contain' - phenol - in excess of ■ that proportion', 
','w'.Mclii.s. characteristic of, the. compound itself'. 

■ The ,free.zin,g pmnts: of mixtures'., of ■.■.phenol and p-cresol . have been 
.■'■previously investigated ..':by,'' /Lunge. ■ and . Zschokke' ' {Chem, Ind., 
"18.'85, B.; Lunge, “ Coal .Tar. and"- A.mm.on.ia/’' ,5th, edition, Part I, 
1916^ 277), .and from .the. 'results obtained, these authors drew the 
conclusion th.at there .are 'only two curves -whicli meet in a eutectic 
point.. ■ Fox and '.Barker (J, Sot, €hem. Ind., 1917, 36, 842), with- 
out ■ r6cordin,g.: their experimental data,' claim to have obtained the 
same result. '..In regard to, this discrepancy, . we would point out 
that otir experim.en.tal numbers .differ, very widely ■ from "those of 
Lunge and Zschokke un the. .case ■ of ■ mixtures which " contain an 
excess of phenol, and there ''can be no doubt w’'hatever that th'e 
measurements of the.se '.authom involve errors of : large magnitude,. 
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On tile other liaiid, if tlie data recorded by Liiiige and Zscliokke 
are plotted, the distribution of the points is such as to suggest the 
existence of an intermediate freezing-point curve, altliough these 


Fig. 3. 


PJijnot and xi-eresoL 



authors interpreted these data in favour of a curve system con- 
sisting of two branches. 

, , Table' TV. - ■ 


(yC reml and in-{J reml. 


Per cent;. ' ■■ 
m'-cresol. ' '■ 


Percent. 

w-cresol. 

■ ,F. p. 

0 " 

30-45° 

62-80 

0-5°^ 

■13-74' , 

23-05 

60-28 

5-8 

21-60' 

20-00 

74-30 

' ■ 4-'6 ■, 



.■■.■.-78-69 

3-6 

■■ 38-75'" " 

. ■ .9-4^' 

■■■■■■■■■■"■83-25. ■: 

■ 1-7 ■■ 

41-64. . t: 

8-5'' ■■ 

88-02 

.■.■,4-3^^. 

. ■.4'3-68, . ' 

8-3- 

93-39 

■. .■.:.;. ■6-6 

50*64. 

7*0 

■■.'■■■ loo^^ ■■ 

'lO-O'"' 

'56-M. ■ 

, 7*6. 
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Tlie diagraiiiiiiatic representatio'ii of tlie data obtained' fO'i mix- 
tures of o-cresol and w-cresol (lower curve in Fig. 1) j3oiiits to tlie 
formation of a coiiipound containing two inoiecules of o-cresol in 
coiiibiiiatioii witb. one molecule of m-cresol. The curve correspond- 
ing with the ■ compound ends on the o-cresol side in a traiisitioii 
point at 8*5° and abO'Ut 40 per cent, of m-cresol, whilst on the 
■i«-cre'So1 side the coinpouud curve terminates in the eutectic at 
1*5° and 83*7 per cent, of m-cresol. 


Table V. 


o-Cresol and ]}-CremL 


Fe,r 

jp-cresol. 

F. p. 

Per cent, 
p-eresol. 

F. p. 

'0 

30-45" 

61-02 

8-5° 

'9‘04 

25-3 

62-76 

8-6 

17-01 

20-85 

66*70 

8-7 

24-27 

17*2 

67-88 

.9-8 

30-40 

13-0 

68-40 

iO-3 

34-91 

10-1 

70-99 

12-6 

39-36 

6*5 

71-84 

13-6 

41-42 

4-4 

72*60 

14-i 

44-41 

2-5 

■ 78-44 

18-9 

47*1.1 

4-6 

87-00 

25-3 

4942 ■ 

0-5 

91-70 

28-45 

51-17 

6-4 

100 

34-15 

54-04 

7-0 




' .. According to thc' .diagi’am showing the relation between the 
freezing points of mixtures. of o-cresol and p-cresol (see Fig, '2/ 
curve .TI)j it is evident that chemical combination occurs with the 
formation of a compound . containing one inole'Ciile. of o-cresol and 
two molecules of. p-cresol. The cur\^e for the compound terminates 
OH' the' o-cresol side, in a eutectic point .at. 1*2° and 43'7' per cent,., of 
/Kiresol, and intersects the 'p-cresol curve', at , a' point which c.orre- 
.sponds very .nearly ' with the 'composition. 'of the compound. The 
plot of the : e..xperim'ental results -does .not permit O'f any .defi.iiite 
'statement with,, respect to the nature of-, the, point of intersection, 

Table YI. ■ 


m-Cresol and p-{7r«aoL 


'Per' cent. , 


Per cent. 


p-erwol. 

F..p,, : ■ 

p-cre43ol. 

F. p. 


lO-O*^ '■ 

41-22 

'■ 8-8® 


■ .'6-7. ■ 

47-09 

7-4 

''6-"74 

■ ■■ 5-4 ' ■ 

56*39' 

2-4 

... 9-'.l,.3 ', 

,, ,.'4-4 ' ■■ 

60-38 

4-2' 

" 13-40, 

3-5 

68*41 

' '11-0 

. 16-,5',0'' , '■ 

5-6 

77*03. . ' 

18-0 ■ 

,"■23-48.',,'." 


88-39 

26.-''5 

'„'2.S-4I' ' ' 

" 9-2' . 

100 

34- 15 


■ 9-5 . ■ 





MIXTTTEES OF PHEXOL, 0-O.RFSOL, M-ORE.'iiOLj AXD F~CEESOL, 'OSl 

but it is eYicleiit tliat the melting point of the corapoiiiicl is 
a|)proxiiiiately 8 * 7 ® . 

The freezing-point diagram for this, pair of isoiiiierides (Fig. 4,| 
shows clearly the formation of a compound containing two^' mole- 
cules of m-cresol and one molecule of _/>cresoL The relations ex- 
hibited resemble closely those which are shown by mixtures of 
7«-cresoI and phenol, and the compounds formed in the two cases 
contain the same proportion of ?/^-cresol. The coiiipoiiiid curve is 
terminated on the /??.-cresol side by the eutectic at 2*0° and 12*0 


45"' 

40" 

35" 

SO" 

g. 25° 

? 

I '20° 

15° 

10 ° 

5° 

. 0 ° 

;0 10 20 30' .40 50 60 70 ■ m 90 100 

Molecular percentage of m-eresoL 

per' cent, of p-cresol, and- on the j?-cresol side by the eutectic at 
1*2° and 57“0 per cent.' of .;p^cresol. ■ - . 

"Although 'the diagrams 'which .have been -described afford -a, 
g-eiieral -survey of the -equilibrium' relations in the several' binary 
'syste-ms,-' it is, of -interest to compare the changes which are.pro- 
diiced-, in the, freezing' point of -’each of the four components "when., 
the' -three othe,rs -are. separately., added. '■ Tn making this, coniparison, 
it is, '.more convenient- to express the composition in terms of weight 
percentage., ' ...The advantage'. atte.ching' to the .weight .'.percentage 
."freezing-point curves is, '.obvious '.when 'it comes to, .the application' 


Fig. 4. 


m-Cresol and p-creml. 
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of, tlie freeziiig-poiiifc relations, and it need o.uIy be pointed oiifc tliat 
wbeii piienol is one of tbe two components, tlie curves in question 
will be siigiitly different from those shown in Figs. 1, 2, and 3. 

Depressiofi of the Freezing Point of Phenol hy the Addition of 

0-, m-, and ^-Gresol, 

The depression of the freezing point of phenol produced by a 
given weight of cresol varies considerably according to the relative, 
position of the methyl and hydroxyl groups in the cresol molecule. 
This is evident from the numbers in the following table (VII), 
which gives the freezing points' of phenol'-cresol mixtures contain- 
ing 10, 15,' 20, 25, 30, 35, and 40 per cent, by weight of o-cresol, 
yn-cresol, and' p-cresol respectively. .■ The 'table shows that m-cresol 
produces the least effect and ;^cresol the greatest. 

According tO' Eykma,'ii's observations (Zeitseh,' physihal. Chem., 
1'89'9, '4, 49,7), the moleeular value. of the depression of the freez- 
ing point of phenol which is produced by the addition of 'p-cresol 
is appreciably less than the' value ' calculated from vanh ' Hoff's 
.formula, and also less'' than the average depression for a large' 
number of different 'substances. ■ It would seem, therefore, that 
.solid solutions in phenol are formed' by all, three cresols, although 
the tendency, to form these ■ solutions increases' considerably in' pass- 
ing from p-cresor to , o-cresol and from' o-cresol to m-cresol. Ou ', 
account of the divergence between the three freezing-point curves, 
it is impossible to make use of the freezing point of a phenol-cresol 
mixture for the estimation of the proportion of phenol present 
' unless the nature of the admix4d cresol is known. 

The table in question also, shows , the results ' which' have, been 
..obtained.in the investigation, of the effects produced; by the " add.!- ' 
tion of) mixed cresols, ' and mo.re particularly of mixed cresols 'con- 
, taiiiing only ,, m-cresol and -^-cresol . The : numherS' have., been , inter- 
polated from curves ' representing the actual .freezing-point 'data, . ' 

: TABLE' 'VII. ';Vb 

^ Freezing Points ■ of Phenol-^.reml 'Mixtures, 


b 10 ' .. AS- ' '.. ..20 ",' 25; , .' '30 35 40' 

per', '..per'... per, ■' .per . per' per per 

;, '.Nature' of .added.,, cent."’^ 'cent.' cent. ' 'cent. cent. . cent. ' cent, 
',' , oresob , ' .' cresol.'. "cresol. cresol.'' cresol. cresol, cresol. 'cresol. 

m-CresoI * , '36'2‘'. '',34-0°' " 31-'8® ' 29*6° 27-3° 25*0° ■ 2.2*6° 

o-Cresol , '3'5*;1 ' 32*4'. " .Sa-O 26*75 '23*7,5' , — - 

p-Cresol ; '33*8 . 30*4 ' ■26*'8 23-i ' , 19*0 . 14*4 ...'O-S.. 


OT- q. p-Cresol = 2 : 1 '.'35*1 '. ,'32*4', 29*'6' : 26*75 .23*75' ,,20*75 ^ 17*6 

-f p-Cresol=l : I : S4*,7 ' 31*75.'' 28*7, . 25*5' "'',.22*1 ' , 1''8*'6 ' "''M-'O 

+ p-CresoI==l ; 2 34*3 31*2 .■ 28*0 24*6 " . .,'.20*9 '; " 17*1'' ' ' 13*0 

o-fm- -f l>.CresoI s= '■■; . 

1:1:1 ............ M'O"'''"' .32-1''' "29*1"" ' ' 26*".l" '.'''23.-0.'.'''''. .'I'9*9'',. ' 
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With regard to tiie change produced in tlie freezing point of 
phenol 'by the addition of a mixture of w-cresol and p-cresolj the 
table shows that the freezing point falls coiitiiiiioiisiy as the prO“ 
portion of the para-isoineride in the mixed cresol increases. The 
observed freezing points are, however,, lower than those calculated 
from the separate effects produced by w-cresol and p-cresol on the 
basis of the simple mixture rule. For mixtures which contain a 
fixed proportion ■ of phenol (60 to 80 per cent.), the variation of 
the freezing point' with the composition of the admixed cresol is 
of such magnitude that the freezing point of such mixtures may 
be conveniently utilised in the estimation of //i-cresol and 2->-cresoI 
in their mixtures and in the evaluation of commercial “ meta- 
c.resoL'’* 

The change in the freezing point of phenol which is produced 
by the addition of a mixture of o*, w-, and p-cresol in equal pro- 
portions is slightly greater than that produced by the same 
quantity of o-cresol. The effect produced by o-cresol is within very 
narrow limits the same as that produced by a mixture of ???.-cresol 
and p-cresol in the proportion 2:1. 

Lowering of the Freezing Foint of o-Cresol on the: Addition 'of ^ 
Fh enolym-CreBol, and ^-Cresoh 

The weight percentage freezing-point curves show that equal 
quantities of phenol, m-cresol, and ^-cresol lower the freezing 
point of o-cresol to different extents. '.The largest ' depression is 
produced by j>cresol, but the inffuence of m-cresol is not very 
different. On the other hand, the depression produced by the 
same weight of phenol is. very : much' smaller,' and this difference is 
probably due to the greater tendency of ■ phenol to crystallise out 
with the o-cresol in the form of solid solutions. Table VIII affords 
a ■compariso.n of ; the freezing points ■ of- mixtures, .which contain 
equal weights' of' phenol, 'm-cresol, and 'p-cresol respectively ; the 
numbers have been,' obtained .by.' extrapolation ' from' the'.correspond- 
,,ihg' corves.' 

, ' ' ■ Table-'-.V!!!., 

■ "Weight -per cent, of solute. 

r " ■■■■<■ ■ 

10 20 30 

Nature of solute. per cent, per cent, per cent. 

Phenol ..................... 27-6” 24-95° 22-6° 

TO-Cresol 25-8 20-8 15-4 

p-Cresol .................. 25-2 19-6 13-2 
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Lowering of the Freezing Point of m-G resol on the Addition of 

Phenol^ O’Cresol, and ihCresoL 

Tile three curves which represent the depression of the freezing 
point of m-cresol on the addition of phenol, o-cresol, and _/>cresoi 
are characterised by their relatively short extension In the case 
where phenol is added, the limit is' reached when the mixture con- 
tains less than 5 per cent, of phenol. In consecpience of the small 
amount of pure m-cresol at our disposal and of the difficulty in 
measuring the freezing points with the requisite accuracy, these 
curves have not been examined in any detail. Although, there- 
fore, further observations are required in order to determine the 
relative slopes of the curves, it seems probable that the freezing 
point of m-cresoi is depressed to a greater extent by p-cresol than 
by the same quantity of o-cresol. 

Lotrering of the Freezing Point of g-Oresol on the Addition of 
Phenol, o-Cresol, and m-CresoL 

The behaviour of ^^cresol as solvent is of particular interest by 
reason of; the 'fact that its' freezing point is depressed to almost 
exactly the same extent by equal weights of either phenol, o-cresol, 
or m-cresol. In this respect, p-cresol differs notably from phenol 
and o-cresoL The three freezing-point curves are, moreover, of 
wide range, the shortest extending to a point at which the tempera- 
ture is about 26*^ below the freezing point of pure J^c^esoI. Since 
the weight percentage freezing-point . curves ■ are approximately 
identical, it follows that the freezing point of ' a mixture containing " 
an excess of j?-cresol affords a direct measure of the ^ 'proportion : 
of , p-cresol in the mixture. 

Siimmary and 

. The 'freezing-point relations* which ..have been, ^described in' the 
/preceding pages, s.how that", 'there.' is 'considerable .diversity in the 
..behaviour of' . the 'several '..binary ' combinations . when the liquid , 
mixtures' 'are .allowed to 'crystallise.- 

In the ■ case of .'bina.ry',' mixtures' which contain phenol .in excess, 
'til©'' behaviour of the three. ■ cresols.. suggests' that the tendency to ■ 
.crystallise' , out with the .phenol' 'increases markedly in, the, order.., 
ycresol,.' .O'-crmoI,' m-creS'oL' '-''With -^-cresol as solvent, there'' is, on.', 
the other-'. hand,..'.: very, little,, 'difference 'ill .'the behaviour - of the three ; 
solutes phenol, o-cresol, and ■ m-cresol, and,, although , -the ,:'©xperi- . 
'.-'inehts ■:.;;',d'0'''^' U'ot '"ikffof 3;/ hhy'-:' quantitative' 'information , ; it' seems prob--,'' 
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able tliat solid saiution formation is very limited wiien mixtures 
containing an excess of j?-cresol are. allowed to crystallise. Tbe 
position of o-cresol as solvent is intermediate, in that m-cresol aiicl 
^"Cresol as solutes show only a limited tendency to crystallise out 
with the o-cresol, whilst phenol separates out with the o-cresol in 
considerable quantities, 

'The fact that five out of the six binary systems afford evidence 
of the formation of definite compounds is rather remarkabie in 
view of the close chemical similarity of the components. Accord- 
ing to results obtained by Kendall and his co-workers (compa.re 
/. Am^r. C'/ie-m. Aoc., 1917, 39, 2303, and previous papers) in 
the investigation of., the formation of additive compounds of various 
types of organic substance.s, it would appear that the formation of 
such compounds is in large measure determined by the difference 
in the basic or acid character of the components. The greater 
this difference, the greater the tendency to form additive com- 
pounds ancl the more stable the compounds which are formed. In 
the group of substances which we have examined, the differences 
in question are extremely small, and the relations disclosed by the 
fre 62 m,g-point,, diagrams are consequently not in accord with ' what 
would' have been anticipated on the basis of tlie view^s advocated 
by Kendall. . 

PHYsiOAn Chemistby Labobatoby, 

The UisfivEBSiTY, 

Leeds. [JSeeewed, August 27tJir 1918.] 


LXXXV.— r/ie Mstimation of . Phenol, and tlw Three 
Isorneric Oresols in Mixtures' of .'these Bnhstances. 

By Habby Medforth Bawson -and 'Christopher' Archibald 

Mountford.-,' , 

T'n' the preceding paper,., the authors.- have described- the freezing- 
.point' :'diagrams for ' the 'six- p-ossible pairs of substances wMcli 
'correspond with the quaternary system,' -phenol,,., o-cresoi, -m-cresol, 
-and. p-cresoL ". 'The relations’, 'exhibited, by. '.the diagrams 'sugg'.est 
-that',- the' determination of 'the., freezing' -p-omt .may , prove , to be'.o'f 
considerable value in. the analysis... of mixtures of these . stibstanees. 

■ The , value. 'of ^th€,^' freezing-point. "measurement'. .has-,, long. '.been 
..recognised . in '..connexion,-., with; grading - of ' co;iimiercial-'..ca,rbolic 
Vacicisv’- '..It '.form's" the,; basis of ■ the '-widely' used empirical 'methml- 
FOK,- ,'CXIII. ', . ... O ' O, ' 
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described by Lowe for tlie standardisation and specification of 
coal-tar carbolics, and tliis method may, in fact, be used foT' the 
approximate estimation of phenol in commercial products wliieli 
contain a siifSciently large proportion of phenol. 

Ill recent years, the question' of the estimation of phenol in tar 
acids lias received considerable attention. Methods depending on 
freezing-point observations have been described by W eiss (J . 
Frarikliii Imt,^ 1912, 683; compare also J. Ind, Eng. Chein., 1917, 
9, 569) mild by Masse and Leronx {Comjjt. rend., 1916, 163, 361), 
and a distinct advance in the application of the freezing-point 
'method to the estimation of phenol in commercial carbolic and 
cresyljc acids has been made by .Fox and Barker- (/. Soc. Cliern. 
■Ind., 1917, 36, 842; compare also ibuL, 1918, 37, 265), whose 
inetliod involves the production by distillation o^f a mixture in 
■which the phenol is associated 'only with o-cresol 

In attempting to determine completely the composition ol mix- 
tures containing phenol and the three cresols, we are concerned with 
a problem which is much wider in scop© than that presented by the 
estimation of the phenol content. The four substances concerned 
give /rise to six groups of /binary mixtures, four groups of ternary 
iiiixtures, and the, quaternary mixture in which all four, .are' 'pre- 
sent.,' Theoretically, ■ these various groups are of equal interest, 
and importance, but a distinction can readily, be mad© w,hen the 
practice of the tar industry is considered. The separation of 'the 
homologues is based on differences in boiling point, and fractional 
distillation tends to eliminate the con.stituents in the order of their 
.respective boiling points. For the four substances with which we 
are concerned, the approximate boiling, points are :/ , phenol,,, 1 82.*^,. 
o-cresoi' 192°,' m-cresol 202°, p-cresol 202°.. '' According " to, .these' 
'data,, it is. evident that a hmary.- mixture, such. , as ■: phenol and 
m-cresol, or a ternary mixture such, as'-'.ph.enol, ,o-cresol, ' and p^cresol, 
will never be, '.met with in^ 'works practice, and in '-this way it is 
possi'b,Ie to reduce, the. eleven- possible' groups of mixtures down to 
four, which are of .practical .importance. ■. .'These consist of the .two 
binary ,,' series of mixtures, ■ with'.' .phenol', and o-cresol, or m-cresol 
and,,|^,cresol .. as, components, 'the ternary series containing o-cresol, 
m-cresol;,', ■and/'.p-cresol, and 'the, quaterna'ry series. 

In 'reference.' .to,' '.the,, ■ app'iication ■' of '.physical 'methods in • the 
.analysis of liquid mixtures, .it, may he ,, no ted that binary mixtures 
present, little dijBlculty. In the; case '.of ternary mixtures,' physical, 
data are much more difficult' to ' interpret,: but .'under .certain' -con- 
ditions it is possible to arrive at the; com.p'Osition' .of such , mixture's- 
without , resort to chemical analysis. The application of., .chemical.' 
methods of separation would seem to be almost a necessity when 
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mixtures of greater complexity have to be dealt with. In the 
case of the four substances with wliicli we are iriimediately con- 
ceriied, the chemical properties are so similar that it lias not yet 
been possible to devise a chemical method which is applicable to 
the general case of the quaternary mixture, and for this reason 
the attempt to solve the problem by the application of physical 
methods is of particular interest. 

Before proceeding to describe the methods which we have devised 
for the analysis of the four groups of mixtures referred to above. 


it will be. convenient to tabulate ' 
properties. 

Table 

the values 

I. 

of, eertai'ii 

physical 

Property, 

Phenol. 

o-CresoI, 

w,-CVesol. 

p-Cresol, 

Density 

B'reezing point 

I'OTIO 

1*0415 

1*0295 

1*0295 

41-0° 

30*45° 

10*0° 

34*15° 

Boiling point (760 mni.) 

182*2° 

191*8° 

202*1° : 

202*5° 

Refra'Ctive index (40°) 

— 

1*53719 

1*53322 

1*53187 

Viscosity tj (25°) 

Solubility in water (20°), per 

0*0883 

0*0762 

0*1240 

0*1413 

cent. 

8*5 

2*8 

2*3 

2*0 

Ionisation constant 1^-10^^’ (25°) 

1*15 

0-63 

0*98 

0*67 


, : The densities and freezing points given in the table are' our own 
values,' ' which in some cases differ appreciably froiii immbers 
recorded in the literature. ■ Bor instance, the freezing point of 
w-eresol is about 6^ higher than. the values previously given. The 
Ix^iliiig points and refractive- indices are taken from Fox and 
Barker s paper (he,, -'the viscosities are values interpolated 
from Braiiileyh measurements (T., -19.1 6-, 109, 434), the solubili- 
ties are those recorded ' by Sidgwiek, Spurreli,- and Davies (T., 1915, 
10'7, 1202), and the ionisation constants those given'- by Boyd (T., 
1915, 107, 1538). ■ The differences shown by the " cresols. are not 
very large, but in certain cases they are sufficient " to . afford pre- 
liminary inforinatioii of considerable value. ' 

111 ' .proceeding to , consider the four technically important groups 
of .mixtures, ■ it will ' be convenient to.-d-eal in the first place with 
the' binary mixtures. ' 

of Phenol andr (yCresoI. , 

' .The, densities ..of phenol and o'-cresol' are sufficiently, differe'.nt to 
'permit "of the, density ", being used' in the -evaluation of .mixtures' of 
these substances- Although admixtu-re, 'is^.. accompanied by a slight' 
"contraction, " which amounts to 'about 0'.'033 - per, . ce',iit. in- the 'ease 
-,:of ,,th'e '5G .per,, cent* mixture,' the -composition of - any' 'mixture may 
.be", 'Calculated' from ' its density,, by application - of - the simple mix- 

''' D ", G ,''2 
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ture rale. On account of the divergent values which are recorded 
ill the literature for the density of o-cresol, it does not at present 
seem possiblej however, to recommend the density for this purpose 
except as a means of providing preliminary information. In the 
circumstances, more satisfactory results would seem to be obtained 
by the freezing-point method. 

By inspection of the freezing-point curves for mixtures of phenol 
and o-cresoly it will be observed that the slope of the phenol branch 
is niueli steeper than that of the cecresol branch, and also that the 
'change in freezing point is very small for a certain range of mix- 
tures. The greater slope of the phenol curve signifies a greater ^ 
sensitiveness of the freezing point to change in composition when 
the mixture contains an excess of phenol, and the fiat portion 
indicates that the composition of mixtures which contain more .than , 
about 30 and less than about 70 per cent, of o-cresol cannot be 
estimated directly by the freezing-point method. 

Having regard to these facts, the examination of an unknown 
iiiixtiire, X, may advantageously begin with the measurement of 
its density. ■ If the mixture contains phenol or O'-cresol in con- 
siderable excess (D"’! >1*061 or <1*050), the composition may be 
deduced directly from the freezing point of X, the phenol branch 
being used for the mixtures of higher density and the o~cresol 
branch for those falling within the' lower range. If the density, , 
lies between the above limits, X should be mixed with a known 
proportion of standard phenol (m. p. 40*5'^), so as to raise the 
density of the resulting mixture, J, above 1*061. The freezing 
point, of J us then measured. Assuming that a parts of X are, 
mixed with 100 — « parts of phenol, and- that this 'mixture', T, con- 
tains, according to the freezing-point measurement, y per cent, of 
phenol, then the percentage "of ■phenol in X,, is given by the 'equa- , : 
tion — 100-ha)100/a.’,, 

, ,Iii table, II we give the freezing points, of mixtures rich in , phenol', ' 
or '.in , o-cresol from ,' which the .composition yof any such mixture, 
may , be 'derived., 

, ' Table' IL '' 

Weight,.' ', per '■ neat. 


, :pheaoL. 100 ' ^ 95 ,90 ', .,80 ' , 7,.5 " 70 ', 

freezing point' ',''3,24® 29-5° 2'6-5®: ',, 234^: 

Weight ',"■ per" .■■cent.," ■ ■ 

..'Vo-cresol ':'■ '.i, ' .■■'10O„." '95„".'. ■,■■■' 90- ■ ' m ''.m' - ,"75''' ■' ' „"70 ,' 

fre^'ag', point ,,■ 304'5°' 29' O'" 27*6’=^ ■' ■26-26® , '■'2495° '■ '23-7'°" "■ ■.■■'22'6°. 


Example . — X = 48*0 per cent, phenol, 52*0 per cent, o-cresol. 

'':''T =:'4'§'*,4. 'per 'cent,;.:' :X,;-|-"89 ■'G":. , 'l-cent^'. "'^pMen^pl, ,'■,'' 'freeziiig'".^ ,'pmnt: 
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II. An'€d2/sis of Mix-tures of m-Cresol and ‘^-Cresol. 

By reference to^ table I, it is evident tbat tlie diSereiices between 
tbe physical properties of liquid m- and p-eresol are very sinalL 
Greater differences are found in their chemical , behaviour, and 
Rascliig {ZeiUch, angeu\ Ghem,, 1900, 14, 759) has described a 
iiitration method which is said to afford a means of estimating 
■??a.-cresol- in mixtures which contain all three cresols The claim 
that the yield of trinitro-m-cresol is independent of the proportions 
of 0 ‘j m-, and 2 >cresoI in the mixture is not supported by the results 
which we have obtained. 

A further chemical method, described by Ditz and Cedivoda 
^(Zeitsch, angew. Ghem., 1899, 13 , 873, 879), is based on the greater 
bromine absorbing capacity of m-cresol as compared with that of 
o-cresol and ^-cresol, but it does not seem to have been established 
that trustworthy results can be obtained in this way. 

If ■ the freezing-point diagram for mixtures of ?H-eresol and 
p-cresol (Fig. 4 of preceding paper) is examined, it will be observed 
that the p-cresol curve extends over a considerable range, and that 
th© ' curve is such that, small changes in composition have ,a con- 
siderable influence on the freezing point. The ;p-cresol curve ,is 
accordingly well adapted for use' in the estimation of p-cresol iii' 
mixtures of m~ and p-cresol. ■ In applying the freezing-point 
method, the mixture X may. advantageously be mixed with a 
known proportion of pure ;p-cresol and the freezing point of the 
resulting ' mixture, J, dete^rmined. The ratio X : 2 >-cresO'l = 1 : 2 
will be found most generally convenient. From the freezing point, 
:the percentage of j7-cresol .may -.then be read off from the curve 
which corresponds with the numbers -in. table III, and the per- 
centage of |?-cresol in X ' calculated , as previously described. ' 

Table III, 

Xrmdng : l^mnfs of ^-Greml' in Admixture with oGresol, m-Grcml^ 

or Phenol. 

©-Oresol, per cent, 100 , 95' ,.90 ■ 85 ■ 80 , 75 70 65, 

Freezing pomt,..,,.... ■ 34*15°' 30-7'^ ' 27*2r 23*6° 20*;0° T6-3° ■ 12*3° 7*8° 

■..''If, the 'freezing point of mixture Y is higher than, about 25®,' X 
maybe mixed : with .a sixialleryroportion'. of ycresol, and'' the freez- 
.ing-point measurement ..repea'ted'., 

'7 , An ^ alternative .freezing-point method'. for , the. estimation' o.f the 
'■:propo-rtions',.of ''m-cresol :'an 'p-cresol 'in a mixture of, the. 'tw.o.' has'' 
'.already'.been' referred' to ■ in the: preceding' paper. '.' Iii th©: applica- 
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tion of this metliody the mixture X should he mixed with standard 
phenol to' give a ternary mixture which contains 60 to- 70 per cent. 
O'f phenol. The freezing-point of this phenol-cresol mixture is 
cletermmedj and since the tempera tui'c varies considerably when the 
percentage of phenol in the mixture is kept constant and the ratio 
of •?/'/-cresoi to p-cresol in the admixed cresol is altered, it follows 
that the composition of the mixture X may be deduced from the 
observed freezing point. Table lY gives the freezing points of 
niixtures containing 60, 65, and 70 per cent, of phenol respectively, 
the composition of the admixed cresol being indicated by the hori- 
zontal series of figures, ranging from 0 to 100 per cent, of ?7i-cresol. 

Table IY. 

Freezing Poini^ of 3£u‘tnres of Phenol, m-CrcBol, mid ^-Cresol. 

Per cent, 
phenol , 

ill' Per cent. w?-cresol in mixture of .m.- and p-cresol. ■ 

ternary ' — — ' 

mixture. O ' 10 • 20 ■ 30' '40 50 60 70, ,80. 90 - 100' 

60 ^ 9-5°' I2'-7° 13'S° 15*0® 16-4° 17-8” 19*3° 21*0° 23*6° 

65 ' '14*4 15-1 15-9 '16-8 IT-S 18-8 lO-O" 21*0 22-2 23-5'' 25-0' 

70 19-0 19-5. 20-1 20-7' 21-4 .22-1 2.2*9 23*8 24*8, 26:0 ' 2,7-3 ' ' 

Although this method ■ is not so sensitive . as the method ' .of 
, analysis which is based on ' the use of the ^>cresol freezing-point 
curve, it has been found to be quite trustworthy. 

Example. — A' =, mixture' of m-cresol and p-cresol. 

Firgt Method . — r = 30'6 per cent. X-|-69'4 per cent, p-cresol, 

,, freezing point from which per cent. j>-cre'Sol in 

F = 75‘3 and in X = 19-3. 

,',pt=:37''8 per cent. X,-f62*2 per cent. ,j/-cresob freezing point 
, 12*3°,' from Xvliicli .'per cent, n-cresol in rt=70'0 ^and in 
'■ Al',=:'20*6. ' . 

' Seimnd. M€ihody.-—Z~Z'P4: per .cent.' X-r 66 *'6 p'Cr .cent, phenol, 
freeing , point 23; 35°,- from . 'which,' by reference to curves,' 

, ,€ 0 '.nstructed from,' .the numbers 'in table IY (see abo've) , and' 
'':',,'„'tha .data vcontained -. in 'table 'YII of the preceding, paper,, 
'per 'cent, .p-cresol in' X = 19. 

' III. '../i'nnfy si's of Tertmnj- Mixtures cotitmning o-Gresol, mdd'resol, ' 

and 'p-CresoL 

' .'Since. '»i-cresol , and ' p-cresol. : have ' .the;' samev,. density,.,'' which ,is., 
'''. appreciably ''less ' ..than'.' the' density 'of' o-cresol," and' the '. v.oluxri'e 
.. cjhanges. 'which' occur on 'm.ixing, are ■ very small, ' the,'' measurement' 
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of tlie density affords a rough estimate of the proportion of o-cresol 
ill the ternary mixture under examination. Not much iiiforiiia- 
tion can he obtained from the investigation of other physical 
properties of a ternary liquid mixture, hut the nitration and 
broniination methods will afford some indication of tlie proportion 
of m-cresol. 

A ternary mixture of the cresols may, however, be completely 
analysed, withoiit resort to chemical methods, by iiieans of suitable 
freezing-point measiirements. The method depends on the fact 
that equal weights of o-cresol and '???-cresol depress the freezing 
point of p-cresol to the same extent, and on the further fact tliat^ 
equal weights' of ??i-cresol and y?-cresol depress the freezing point 
of o-cresol to nearly the same extent. In the application of the 
method, thc' unknown mixture X is mixed with a known quantity 
of pure j^cresol, giving a mixture, F, the freezing point of which 
is determined. From this, the percentage of p-cresol in F, and 
hence in X, can be obtained from the freezing-point curve corre- 
sponding with the iiumhers already given in table III. 

Similarly, X is mixed with a known proportion of pure o-cresol, 
giving a mixture, X, the freezing point of which is. also 'measured. 
From . this, the percentage of o-cresol in Z, and hence in X, may 
be d,©rived from the freezing points recorded in table V., These 
temperatures correspond W'ith a freezing-point curve which lies 
betvzeen the, curves representiu-g- the changes produced in the freez- 
ing: point of 'O-cresol on the addition .of m-cresol and ^j-cresol 
'respectively. 

Table Y. 

Freeing Points of o-Cresalin Admmture tviih m- and g-G resol,' 

o-Cresol, per cent. ... 100 95 90 -85' 80 75 ' 70 65 

Freezing point......... S0"45T 28*05^ 25-6^ 23*1° '■ 20-4^. 17*5® 

The proportions of p-cresol, and ''o-cresoI'.. most suitable for the 
'production of the mixtures’ F' and. .2? 'are pidieated, if necessary, ' by 
p:reiimi'iiary freezing-point observations on ''mixtures, ' containing' 
one part .of X, and two parts' of ..;/^cre■sol, and o-creS'Ol respectively., 

,' = 42*5 .per' cent... o-eres-ol, 46''0 per .cent. m-cres,,oI, 
11‘5 per .cent. ;^>-oresol,. 

', . («)' Fstimation of ^^i-cresol.' 

', F^'23’5'' per' cent. '.'X -h 76'5, per; cent. ' ;/^cr'esol', ' "freezing^ ., point. 

.19*5'°, whence per 'cent, ■’j'^-cresor.in F,= 79‘3' "aiid',,' i'ii 'X'=.l'l"‘,9. 

,. , F^'=',29*4 per, cent. X -h 70''.6'., per .cent.';' '^^cresol,''; freezing point 
'' '',15*1°,' whence per'' cent. 'j7-cresol 'in F' =,'73'‘,5,'aiid in X = 10*0. 

' (b) .EstimatiO'ii' of 'O'-cres'ol.' ' 
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^ = 26'1 per cent. X-f^3’9 per cent, o-cresol, freeziii.g point 
23" wiience per cent, o-cresol in .^ = 84*8 and in Z = 41*8. 
^^ = 42‘3 per cent. X-4“57*7 per cent, o-cresol, freezing point 17*6, 
wlieiice per cent, o-cresol in ^^==75*2 and in X = 41“4. 
Taking t^e mean values found for p-cresol and o-cresol, the 
freezing-point method of analysis gives Z — il'B per cent, o-cresol, 
47*4 per cent, m-cresol, 11-0 per cent, p-cresol. 


lY. Anril'?/sis of Q vat e-t' nary Mixtures containing Fhenol, o-Cresol^ 
m-Cresol^ and ^-OresoL 

The determination of the composition of a quaternary mixture 
involves the assigmneiit of definite values to each ' of three in- 
dependent variables, and in 'these circumstances' the physical 
properties of the liquid mixtures afford comparatively little in- 
formation with regard to the proportions of the components except 
in certain special cases. At the same' time, an approximate" idea of 
the' nature of the mixture may be obtained from the density, the 
freezing point, and the behaviour of the liquid when it is subjected, 
to Alow fractional distillation with a -.suitable still-head. In con- 
nexion with the behaviour ■ on distillation, attention may be' 
directed to the tables recording the -.observations 'made' by Fox and 
Barker (loc. cit.). The significance of the density and the freezing 
point will be apparent from table I and. the- freezing-point relations' 
which have , already been described. 

In regard to:- chemical methods, ' the .nitration and bromination 
.processes are '.of' little use, when we - are dealing, with ' quaternary 
.mixture-s-. 0n the other- hand,.- a method described by ' Skirrow 
{J. Lnd, Eng, Ohem.^ 1917., 9, 1102), .which involves -.the nieasure- 
ment. of the rate -of, oxidation of- 'the .phenols: by permanganate. in 
-sulphuric -acid solutio-n,. seems, to- --afford '.an ' approx, imate, 'measure 
of ' - .the percentage, of. phenol pr^eiit .in ^- quaternary '-' mixtures, 
'although the nature of - the . .adm'ixed -cr^olhas. a' very appreciable 
infi'uenoeon'the.velocity-^ofthe-'oxi.dationpro-ces-s.,- 

'.The , 'inf omation.' to -be derived .'from' the -direct application of 
'the'-f.reezing-point method ''to quaternary mixtures is strictly limited, 
in',: that' only -...one of. -the three- independent variables,-, in terms of 
which , the' 'composition .of such , -a ■ mixture may be expressed, can 
...be ",d.,eteiinined. in -this way. . This variable is .the, p-.roportio-n '..of 
.- p-cres'oi,,': 'which m estimated according to the method , already 
'-:-,d,es'Cribed-',i.ii- sections II and - III. The, applicability ' of, this' m-ethod'-,' 
to the quaternary mixture depends^'- on'-' the .fact -that the. freezing: 
point of j?-cresol is lowered to the same .extent hy' equal '-'quantities, 
of phenol, o-cresol, and ,m-cresol*. 
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Ecmmples : 

(1) A'=:1.9-5 per cent, p.lienol, 20*0 per cent, o-cresol, 36’4 per 
cent, 7/i-cresol, 24*1 per cent. ;^-cresoL 

F = 33* 2 per cent. JT-fBG’S per cent. ;p-cresoi, freezing point 
16' 15®, from wMcli per cent, p-cresol in Y = 74*8, and Fence 
ill ■X = 24*0. 

(2) X = 10*0 per cent, phenol, 20*0 per cent, o-cresol, 56*0 per 
cent. '» 2 -cresol, 14*0 per cent. p-cresoL 

F = 25*4 per cent. X -f 74*6 per cent. j>cresol, freezing point 
18*9®, from wliicli per cent, ^-cresol in F = 78‘5, and lienee 
in X = 15’3. 

Althougli tlie direct application of the freezing-point method to 
quaternary mixtures is thus limited to the estimation of p-cresoi, 
it appears to be possible to analyse such mixtures completely by 
physical methods if the mixtures are subjected to a preliminary 
fractionation. In carrying out this process, the quaternary mix- 
ture X is mixed with about half its weight of o-cresol, following 
the device recommended by Fox and Barker (lac. cit.) in connexion 
with the estimation of phenol. This mixture, X^, is then sub- 
mitted to slow fractional distillation with a still-head ' of ' the 
Raschig type, and by this means' X^ is separated into two. fractions, 
on© of which (X) consists of a mixture of phenol and O'-cresol and 
the other (B) of a mixture of o-cresol, m-cresol, and p-cresol. The 
fractions A and B are then analysed by application of the freez- 
ing-point methods, which have been already described in sections 
I and III. 

' As yet it has not been possible, in vieiv of ' the urgency of other, 
work., to; test this method in any detail, , but. the preliminary 
observations which have been made- seem to show that satisfactory 
results for quaternary mixtures, containing phenol and the- three 
cresols may- be obtained in this , way. ' 

. In reference .to the application .of the -freezing-point , methods 
which have been . desciibed, -it- should- be explained that .great car© 
is - .needed ., tO' ensure that the.-- m-aterials' used are free from water. 
The tables, of . data .and the corresponding, curves 'may only - be 
applied directly .to the interpretation . 'of freezing' points determined'- 
.by other .observers when the '-standard samples of phenol and... of 
the cresols' have freezing points 'which are identical with, those' of 
the -.'samples used by' us-. 'With r^ard'to th^e samples-,' it'.is'' prob- 
.abl©: that pure anhydrous -phenol, melts. .at a.bout- 41,®, and -our 'Use- 
of phenol, melting- at -' 40'5®'- .- was, d©t-erm,in6d': by the -fact - that a 
substan'-ce,,- -of. fthis- melting-, .point.' cbuld.-,'-'-, readily be prepared from 
ordinary 5a,mpies' of phenol. ..The melting point of o-cresol (30*45®) 

0 O* 
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is slightly liigiier than tliafc recorded in the literature, hut we have 
found that o-cresol of this quality may readily be obtained from 
the comnierciai product. The m-cresol (m. ,p. 10*0°) rvas probably 
not quite pure, although this temperature is much higher than that 
l^revioiisly recorded. With regard to .the p-cresol, it may be nieii" 
tioried that 'a substance of this 'melting point (34*15°) was obtained 
from two different samples of ' synthetic material. This tempera- 
ture is lower than that recorded by certain observers, but agrees 
fairly closely with the value of 33*8° given by Sidgwick, Spurrell, 
and Davies (loc. cit.), and by Braniley (Joe. cit.). The us© oi 
staiidard materials 'differing but slightly in freezing point from 
those employed, by us does not prevent the use of the tables of 
'figures recorded in the paper, for experience has shown that it is 
possible to make kiitable allow^ance for such differences if these are 
small..,,' Til actual practice, it will no doubt be foii'nd preferable 
to draw up corresponding tables which are ' directly applicable to 
the a'vailable ,standard. substances and to such modihed conditions 
■of' working; as .'inay seem advisable. These are matters of detail 
which '.do , not affect 'the 'general methods of procedure which have 
been d'escribed. 

Summary. 

A'li 'aecoii'iit is give-ii of the application of physical methods in 
the 'analj'sis .of the technically . impo,rtant . series of mixtures:'' 
(a) phenol . and' o-cresol, (5) ■ m-cresol- and p-cresol; (c) ' o-c.resol, ,.■ 
'm-cresoI, and ^-cresol, (d) phenol, o-cres'ol,; 'm.-cresal, and p-cresol. 
It is 'shown 'that freezing-point 'measurements may be utilised ■, tor 
the complete determination' of -the. composition of th© , binary, and 
ternary 'mixtures. ',In .the case of -.the quaternary.. mixtu-re,. the"' 
application o!,',,the ,freeziiig-pomt methods is precede'd by , a, .fraction- 
ation" process, in- "which the quaternary ..is.' 'mixed , with,' a'' known 
'quantity of ,'o-cresol, .and' sep.arated ''into.' two'' fractions' ., ''containing 
(1)' phenol and, o-cresol, (2) ' o-cresol, m--er,esoi,,:.aiid''- p-cresol. ', ' 

•PHYSIOAn '^CHEMISmT' ' LaBOBATO'BY, 

'Thb' FOT vnKsiTY,. Lmsns. ■ 
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LXXXVL — -The Oxidation and Ignition of Coal. 

By Richarb Vernon Wheeler. 

This paper coh tains an abbreviated account of work tliat lias Ijeeii 
carried out intemiittently during tbe past nine years, at tbe outset 
for the Mining Association of Great Britain (Britisli Coal Dust 
Experiments Committee) and during later years at tbe Home Office 
Experimental Station. 

Tbe earlier work (to wbicb Mr. M. J. Burgess contributed tbe 
largest share during 1909 — 1911) was withheld from puhlicatioii 
■from the, desire' eventually to present a complete study of the cause 
of the spontaneous combustion of coal. The main results ■ were, 
howeverj corainiiiiicated privately to individuals particularly 
interested . in the subject, and the conclusions reached were sum-' 
marised in evidence before the Departmental Coinmittee on Spon- 
taneous Combustion in Coal Mines in 1913 (Minutes of Evide'iice, 
first to seventh days). 

At a later date, the Doncaster Coal Owners founded a labora-' 
tory, under the direction of Dr. J. S. Haldane, to specialise in the 
study of the spontaneous combustion of coal, and a series of papers 
has emanated from that laboratory (Trans. Inst. 3£m, Bng.y 1914, 
■46,, '563; 1915, 48, 503; 49, 'SS; 1916, 51, 493; 52, ■ 338; 1918' 
54, 197). This series of papers renders the publication of the 
details ofmiuch of the work .herein summarised unnecessary, for' 
although the experiments were 'Carried out in a different manner^ 
they have little to add to the results, obtained at Doncaster. 

The first method of experiment adopted was to circulate, air or 
oxygen in a' closed system through a .column of' powdered., freshly-' 
won coal, heated in a constant-temperature oven, and to measure 
the rate of disappearance of oxygen by the rate , of diminution of 
pressure in the system. Samples of 'the gases were "taken at 
intervals throughout an .expe'riment- '(some of which were continuous 
■during ■ several . weeks)"' by - m'eans of. by-passed ,.sampli,Bg tubes so 
arranged that, the, removal of the 'sample did "not 'alter, the preS'Siire 
In ■■ffi8'''mrculation^:'system. 

,'''Tt,'may'''b,e said at once'-that 'the ■'results, -.'Obtained by .these means 
'did,',,»ot' 'afford ' as- 'm,U'Ch., inf orm,ation .-as . was 'desired Ar , expected., 

, 'an,d . ..other'', .methods ■ ' of ,, ■ .experimeht, ■ ^ shortly ; 'to'' ' b'e, described, ■■ ' were 
ultimately'' adopte'd, ■.■', It w,a,s . found.>'''iii u,onformity with,' ' the results'' 
„of 'earlier', and"' recent'investigatorS'''^' ■''■.■.■,■ ' , 

* A review of the more important work 'On spontaneous combustion is 
contmned in Profwsor W. A, Bone*s recent book, Coal and its Scientific 
Uses ** (London, ISIS), pp* 
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(1) Tliat tlie absorption of oxygen by newly-won bikimiiions 
coal is initially very rapid, even at ordinary atiiiosplieric tempera- 
tures, but that tills rapid absorption soon gives place to a slow 
but loiig-coiitiiiiied absorption.. 

(2) That the initial rapid absorption of oxygen at low tempera- 
tures is not accompanied, sO' far as could be ascertained, by the 
forniatioii of water or the oxides of carbon, but that during the 
second, slow phase of the absorption these products of oxidation 
of the coal substance make their appearance, the aiiioiints increasing 
with the temperature of the coal. 

(3) That the ratio COJCO in the products of combustion 
remained appreciably constant for a given coal at a given tempera- 
ture throughout the period of lo-ng-continued slow absorption of 
oxygen, the ratio decreasing wdth increased temperature. 

These facts did not, however, bring one much nearer to an ex- 
planation of the mechanism of the reaction between oxygen and 
coal that results in ‘^spontaneous combustion/^ and they gave 'no 
indication of the reason why one coal ■ is ' more liable to self-heat; 
than is another. ' 

The Oxidation of Coal. 

It has already been stated that during the rapid absorption of 
oxygen that takes place when newly-won coal is exposed to air at 
atmospheric temperature, the simultaneous formation of carbon 
dioxide' or carbon monoxide could not be detected, although both 
these gases . make their appearance subsequently. ' It had been 
iioticed, however, that the “ occluded gases that can be removed 
from anj' sample of ; coal 'by' exhaustion at 100'^. contain; a high' 
proportion of the oxides of carbon if the coal has been previously 
'“ weathered/* either, naturally or artificially, thus differing, from ; 
,, the gases, withdrawn ', from new'iy-w,on. coal, which consist "mainly of; 
.methane and the higher' members'.', of-, the paraffin series ;of 'hydro- 
carbons' (see Burgess and, Wheeler, T,, '1914,'. 105, '131). ■ 

.' .pTroin this it was thought, that’ there might be a reaction between 
:, oxygen and some part of the 'coal substance analogous to that 
between carbon and oxygen, investigated by ,Rhead and. Wheeler'' 
(T., 1913, 103, 461),. which is characterised by the fixation, of 
oxy.gen,, the, presumption' being that ' ■ an ' unstable ' compound of 
carbon and oxygen is .formed. ',' 

Experiments' were, therefore' made with the intention of examin- 
ing more closely .the coinpositio'n, 'and., occurrence of . the O'.ccliided' 
gases in arti'fieially .weathered; ''coal..''' Freshly-won .coal that 

* The coal as soon as it was hewn was packed tightly in a' bo,x'' which w'as',', 
heKnetically sealed ..and disp-atched' the same day, to the ''laboratory. .■ 
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portion of tho TMck Coal Seam at Hainsfcoad Colliery, termed 
Slips/’ was rougMy crushed and thoroiiglily exhausted at 100® 
to free it from naturally occluded gases, 230 grams being taken for 
the' experiment, Undried air was then slowly drawn tiirougii the 
coal at a temperature of 15® during forty-eight hours, and, after 
the apparatus had been rapidly exhausted by means of ' a Geryk 
oil-pump, any gases contained in the' coal were extracted by a 
■Sprengel mercury pump and collected. The results irere: 


Analysis, per cent. 



o 

p 

0,. 

C'O. 

H.. 

Gases removed at 15° ...' 

. IMS 

4-2 

nil 

84*0 

Gases removed between 15° and 100° .. 

. 43-5 

20-6 

6*9 

29*0 


A total volume of 31*5 c.c. of gases (measured at 0® and 760 mm.) 
was removed from the coal. 

This experiment gives a definite indication that, whereas some 
oxygen is occluded by coal at 15® and can be removed therefrom 
as such by physical means, the major portion of the oxygen retained 
by the coal only makes its appearance as oxides of carbon ' when 
the temperature of the coal is raised. '■ 

The same weight (230 grams) of newly-won coal, roughly crushed, 
from the ^'Brazils” portion of the Thick Coal Seam, ■ Hamstead 
Collieiy, was treated in a similar manner : the naturally occluded 
gases having been removed, air was aspirated through the coal 
during twenty-four hours; most of the air in the apparatus having 
been removed at the ordinary ' temperature by several strokes of a 
Geryk oil-pump, the temperature of the coal was raised to 100® 
and' the gases wrere collected, no separation^ being made between 
the gases .rmnoved at ,15® and at 100®, as with, the '^‘'Slips’’ 
coal.,' This series of operations' was perfoiined several times 
with the variations in treatment 'described in ,the' table on 
:p. 948. 

It will be seen that, under similar treatment, the Brazils.” coal 
.yielded less gases than did the same .weight of the Slips'” , coal. 
'A '''more important observation '■ is' the .marked' increase, .in , the 
quantity , .of gas 'retained .by the coal .when the air passed , .over it 
.was dried' by' calcium chloride..' ' To confirm' this,, .a. series of experi- 
;.inents was,m.ad'e in a. slightly ' different manner, . using. , 1.00 'grams of. 
Brazils'’'’ 'coal .that had .''been 'crushed so as to '.pass, through a' 
10 X 10 ' mid' remain oii '. a 30"X'''30' mesh sieve," and 'from ■ which ' .t'lie 
naturally 'Occliid.ed gases '.had been -removed.',",', '' 

“ After ■ treatment,, ' of ... the ; coal'' ■' with.- ., air .^". .(either " ' saturated with 
water vapour .at', .15®' or dried'’', by. |>as.si'ng through calcium, chloride 
towers) , during six hours 'at'-different' temperature's,, the apparatus 



948 , WHEBLEE ; THE OXIDATION AND IGNITION OE COAL. 



Volume of 
gases re- 
moved up 
to 100°. 
c.c. at 0° 


Analysis, per 

cent. 


Treatment. 

and 760 mm. 

COs, 

Oa. 

CO. 

Ng. 

A. 'Dndried air aspira'fced 
tlirougii the coal dui'ing 
24 hours at 15 '° ......... 

18-9 

11*9 

5*1 

2 * 3 ' 

80*7 

B, Air dried by calcium 
chloride aspirated 

tliroiigh the coal during 
24 hours at 15 ° 

40*3 

15*5 

8-7 

3*2 

72*6 

G- As with B 

45*0 

25*5 

3*7 

2*3 

68*5 

B. As with A 

24*0 

10*8 

13*4 

1*3 

68*6 

'E. Air saturated wlth^ 
water- vapour at 15 ° as- 
pirated through the coal 
during 24 ho-urs at 1 5 °. . . 

22*0, 

25*8 

12*0 

3*4 

58*2 

E, Air ' ' saturated with 
water- vapour at 15 ° 
aspirated through the 
coal during 24 hours at 
50 °...- 

23*4 

49*7 

8*8 

5-3 

'36*2, 

D. Air dried by calcium 
eliloride ' a,spirated 

,through the coal during 
24 hours ,at 60 ° 

32*5 

29*7 

■ 7*3 

5*5 

57*5 


was t)lio-roiig.lily exliausted 'at' the ordinary temperature by a 
Sprengel mercury pump, 'and only those gases collected that, were 
withdrawn from the. coal when its temperature was raised from 15^ 
.fo lOO*^. The results were : ■ 

Volume of 
gases re- 
moved be- 
tween 15° 

■ .and 100°. Aimlysisr 

c.c. at.0°- — — — — Ratio.,, 


Tjceatme,nL ■ and- 760' mm, . 00^. , ■ Og. CO- . ■ N®. COa/CO'’ 

a: Moist air at 15°.,.. ' '17*7 28-0' 2*8 ',.'.2-2 ' 67-0' ' 12*7 

B. Dried,, air at' 15° . , ■ :i0'*8 ' - ' ' 15-4 nil „ 1‘8'- 82*8 , '8*6', '■ 

a .Moist air at,' 5,0*^ IS'7 ' 42*0' ^4-7 ' 8*9 ' 49-4' ■ 10*8' ' 

B. '.Dried .air at 50° ■ ■ 27-0.' ■' I2*'8 , ■ 1*5 ",1*7 ,84-0 '' 7*5 

E. 'Moist air, at 100°. ...... ', '6*8 . ''7-7*0. . 1-8 1'3*2'", 8*0 ' 5*8^ 

E.' Dried air at 100° ■ 8-9 ■■ 31*8 ■ 0*2 ' 8*3 ■ 60*2 " 3*8 


These V res'ults, ap,a,rt , .from the. diference' 'observable between , the 
■effects '.of 'iiioisb'.aiid 'dried air '(a'., matter 'requiring, further study )'j 
bear a,',sMkmg,'-'r.e.3e-iB'blaBce''to the result :of passing air ov.er carbon 
at low tem,pera'tures,, , and - a' ■.■similar explanatio^ii of them', can be 
offered, iia-'iB'ely, That '■“ 'the ''.lii’st step .' iii'. the oxidation ,o-f coal is- the.'^ 
formation.'^ of " an ad.ditio.n' compound,,' or' .complex, of oxygen with 
one or more of the substances-. 'present, in coal.’' 

This coiielusioiij founded on the results of experiments of a 
different character from thc^ described in this paper, has been put 
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forward also^ by Porter and Ralston A Study of the Oxidation of 
Coal/' United States Bureau of Mines, Tecliiiical Paper 65, 1914), 
from whose paper the foregoing quotation is made. Porter aiirl 
Ralston continue : ^‘'This complex is unstable and decomposes 
readily- — more readily with some coals than with others — setting 
free water, COg, and CO.” 

It should not be supposed that the similarity in the behaviour ■ of 
oxygen towards both coal and carbon is indicative of the. pr-esence 
of free ” carbon in coal. Experimental evidence as to the exist- 
ence of free carbon as a normal constituent of coal is difficult, if 
not impossible, to obtain. This matter has been discussed by Jones 
and Wheeler (T., 1916, 109, 709), who have pointed out that none 
of the factors, singly or combined, involved in the foriiiatioii of 
coal can have brought about the complete carbonisation of any 
portion of the substances from which it is formed. On the other 
hand, the existence in coal of substances the molecules of ivhich are 
similar in type to^ the carbon molecule , must be presumed., Diiii- 
roth and Kerkovius {Annalen, 1912, 399, 120)' have shown that 
■the carbon molecule contains the fiuorene grouping, whilst Pictet 
and Ramseyer (.Se/*., . 1911, 44, 2486) have extracted hexahydro- 
fiuorene from Montrambert coal. Moreover, both carbon and coal; 
yield benzenehexacarboxylic acid (mellitic acid) on oxidation, 
shO’Wing that in both there are molecules .present the structure of 
which involves a six-carbon ring, each carbon atom of which is 
attached to an additional carbon atom. 

In order to discover Ahe exact nature ■ of ’ the compounds thus, 
presumed responsible., for the -‘'' first step .in The oxidation of coal,”' 
a.iiiore intimate, knowledge is required than- is possessed at' -present 
of the chemical constitution of- -the coal substance.' A soliitiop of 
the problem,^ of the ■,spontaneo-us combustion of coal' is., .in fact, 
iarg-ely dependent on the success of the. endea'vours -that are being 
made to resolve the coal, co-nglomerate into its;., .component . parts, 
■No , doubt suitable, '"^oxidation.”- experiments will contribute 
.towards, this, end, .inasmuch, 'as .they - should .afford inf or ination 
^regarding the: chemical characteristics' 'Of., -different' parts of the., coal 
' conglom-eratev , „ 

The Ignition of Goal. 

:,,;:::;,'Th© .'-reaction' ..between; oxygen and'' coal' that results, -in- the."/' fi'X-;' 

' ation”' of ..,the';'Oxygma',;'iB-/accom'panied'..b a heating effect, .so '''that' 
if' pains are taken to prevent the: dissipation of heat, the tempera- 
- ture-'Of' the,„coal rises.' , - .An increase ''in the- .teni:p©rature of the coal 
increases its rate of reaction with oxygen ; if the rate of reaction if 
-. productive of more heat per unit .--of'., time than is sufficient tc 
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counterbalance loss incidental to- the physical conditions obtaining, 

it follows that eventually the coal will ignite. 

Thus it is that spontaneous fires may occur in coal, in the mine 
or on the surface; and thus it is that several factors other than 
the chemical constitution of the coal have to be considered when 
attempting to= guard against such fi,res. On the. chemical con- 
stitution of the coal the rate of its reaction with oxygen at a given 
temperature mainly depends, but its state of division , permeability, 
and physical condition generally, also affect the rate of reaction ; 
whilst the. rate of dissipation of heat is governed by such factors 
as the amount of ventilation and the thermal conductivity of the 
coal itself and of its surroundings. 

When determiiiiiig the relative ignition-temperatures of different 
coals., it is not easy to decide what criterion of ^hgnition^' should 
be employed. If one adopts the generally accepted definition , of 

ignition -temperature '' as applied to gaseous mixtures (that is, 
that temperature at which self-heating of the mixture begins to 
take place), ' the ignition-temperature of most coals is the normal 
atmospheric temperature.. A distinction between one coal and 
another could no doubt be made by determining the time taken 
for. this: self-heating from atmospheric temperature to result in 
flame under standard conditions. ' ' . 

It may be' of value also to know at what temperature a given 
coal must be heated in air, under specified conditions, in order 
that it shall ■ burst into flame, and this temperature may perhaps 
be regarded as the ignition-temperature/’ the preliminary self-' 
heating , (corresponding with the “pre-flame period^' with gases) 
being ignored. Experimental difficulties, how^ever, stand in the' 
way both of determining accurately the moment when, flam© first 
appears in amass, of coal, and, of, ensuring that i'li comparative tests 
with , different coals' . a,ll ,the , factors on which the,' appearance of 
actuaTfiame depends are maintained ■ constant. . . 

.From a' practical as 'w-ell as • from' ^ a theoretioal,,point "of , view, it 
is', sufi&cient .to know at what ' temperatures, ' under standard' condi- 
tions',' d'iff ©rent coals begi,n to react' with oxygen so rapidly, that th©' 
'iiltimate",'appe,aran'Ce "of 'flame- is assured.' If, for example, 'air is,' 
'dra'wn 'lt a constant speed 'through '■ a column , of powdered coal, the 
temperature of which is '. gradually "raised by an. external' source, o.f ' 
.heat,, eventually" the ,„temperature .within, the coal will begin' to' rise v 
rapidly "above 'that of,, the'.extemaleource, of heat. , It is,' then only,,-, 
a,, 'matter :of' time,, -depending, on the- physical conditions ,'"of " the. test, '.' 
before the, coal- will 'infla^ ■ 

In order to determine what relationship, if any, there is between' ': 
the chemical composition of a coal and its ignition-temperature, a 
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iiiimber of coals were tested in tlie following manner. Forty grams 
of the powdered coal that had passed through a 150x 150 and 
remained on a 240 x 240 mesh sieve were placed in a glass tube of 
the form shown diagrammatically in Fig. 1, inaMng .a column 
about 12 cm. long. This tube was fixed vertically in an electric- 
ally heated sand-bath, and a current of air (dried by passing 
through calcium chloride towers) drawn through it at a constant 

Fro. L 



speed. . The temperature of the sand-bath was, then slowly raised, ,at' 
amniform rateband simultaiieousA-'eadings of ' two thennom©te'i*s,,. the, 
'On© , embedd'ed',' in ■ the , coal : .and '' the other in the sand, ' taken /at 
freqiieiit intervals of 'time. ' '■■ '■■■■' 

.In', this;. manner, . twottime^temperature',. curves were obtained, the 
one; showing .the rate 'of,.' 'rise of temperature of the sand-bath and 
t&'.O'ther 'the ''rate' of temperature' of the coal. At a given 
'''tenp 6 ratu.r 0 /d©pe'nding on the coal,. employed, these two curves cut 
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one aiiotlier. This temperature was taken to be the ignition- 
teniperatiire of the coal relative to other coals tested in the same- 
inanner. 

In Fig. an example of the results obtained is given. Only the 
later portions ol the two curves are shown ; during the earlier stages 
of the heating (from atmospheric temperature) the curves run 
parallel to each other. It will be seen that the temperature at 
which the reaction-velocity became so rapid that the inflammation 
of the coal was imminent is clearly indicated at about 205^. It 
is evident also from the gradual approach of the two curves that 
the heat due to oxidation of the coal was sufficient, despite loss to 

Fig. 2. 



Time in minuUs, 

the' outgoing airy' to raise the temperature, of the coal above that- 
'iiormally , duO' to the". heat ■ received . from the, sand-bath when ' the 
reaction .was' proceeding'' at a temperature of' 125^. , The latter' 
temperature :might\be' .regarded', as ignition-temperature of ''the 
ooai ,(thatis,'„.,the temperature at which /self-hea ting began) ' under 
the conditions of the experiment. .-. - For comparative purposes, how- 
ever, it was found preferable to rec'ord,.,as the relative ignition- 
temperature, the point at which the . 'coal tempefature curve, "'.and 
the sand-bath temperature curve cut one another, 'for'' this' point' 
is clearly defined. It is the temperature at. which rapid' self-heating" 
begins, and k therefore in conformity with Nernst^s definition of 
the ignition-temperature for gaseous 'mixtures,: 
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111 the table that follows are given the relative igiii tioii -tempera- 
tures as thus determined for a number of bitiiinino'iis coals. Full 
analyses of the coals^ which are referred to under laboratory 
numbers^ have been published in the Second Eeport* of the Ex- 
plosions, in Mines Committee (H.M.' Stationery Office^, Cd. 6431 of 
Session 1912 — -1913).^' The oxygen -contents only are reproduced 
here, for if reference he made to the full analyses it will be' seen 
that 120 relationship ex,ists between the ignition-temperatures now 
recorded and other analytical data. 



Oxygen- 



O.xyg 0 n- 



content. 

Relative , 


conteiit. 

Relative 


(Per cent, on 

ignition 


(Per cent'., on 

ig'nitioii 

Coal 

ash-free dry 

tempera- 

Coal 

asb-free dry 

tempera- 

number. 

coal.) 

ture. 

number. 

coal.) 

ture. 

213 

IM 

165'= 

■ 247 

8-3 

182“ 

21-0 

IM 

165 

240 

8*1 

ISO 

218 

11*1 

167 

216 

8-0 

183 

24S 

iO-6 

177 

224 

7*6 

192- 

251 

10-5 

176 

226 

7*4 

188 

234 

10*3 

176 

200 

7-3 

185 

207 

9«9 

177 

205 

7*0 

19'2 

24-6 

9-9 

179 

239 

6*7 

195 

208 

9*9 

179 

215 

6*6 

20-6 

211 

9-5 

178 

230 

6*4 . 

200 ■' 

235 

9*2 

178 ■ 

214 

5*6 

210 ' 

231 

8*8 

183 

203 

5*4 . 

200' 

201 

8*8' 

187 

217 

. '5*1 ' 

217.' : 

200 

8-7 

186 

232 

4*9 ■" 

195'. 

241 

8-6 

183 

227 

' 4*7', ' ' 

220 

' 225 

8*5 

185 

228 

3-9 

200 


It. is, clear from this table that the statement' made bj' several 
investigators, that, the most highly oxygenated fuels are those ' .most 
liable to self-heat, a statement intended to distinguish' between the, 
,dilTer'ent classes of fuels — lignitic," 'bituminous,, and , aiithra'citic— 
holds with.' remarkable closeness. for coals of the' same .class 
'(bituminous). , . ■ 

If it is correct to' assume that 'the 'similarity in behaviour towa.rds 
oxygen evinced by., bituminorrs coal ■' .and , 'carbon is' due. to .the 
.presence in The .coal of. groups 'of compounds The ''molecules, of' which 
',,'hay'e, ,aro.m,atic' structures, ■ resem.bling ' thc^- of the .carbon molecule, 
..'it follows '.that the greater 'the '.-proportion' of such -groups . of com- 
P'ounds 'in ', a' coal the , gre,a'ter ■ will ..be.: the , ability of ,' that ..coal when 
iiewly-wpn to .'fattach oxygen., .''and';, the higher will be its pro- 
portion of oxygen when ''saturated/' 

The oxygen-contents given in the table must be regarded as those 
.■of' 'the.,':',; 'isatUirated'''''''''^';,mal'S.i ..■f'or: bhe''''txeatm^^^ to which the coals 
' -ha.'d"'' 'been';: 'S.ubJ.ected--^ 'p'ulveris'ation and' : si-eving— involved'." 'th.e.' 

exposure of the fine dusts to air at for a length of time sufficient 

♦ A certw number of the analyse sue recorded rfso in T*, 1913, IDS, 
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to saturate them witb. oxygen at that temperature. Since tbe 
samples taken for the combustion analyses were accorded the same 
treatment as the samples tested for igiiition-teinperatiires, the 
relationship between, oxygen-content and , ignition-temperature is 
not affected by this saturation with oxygen; but it is necessary to 
remember that some of the oxygen recorded as present, in each coal 
must be in' the form of the presumed complex. 

It is not remarkable that a coal containing a high proportion of 
oxygenated compounds should show signs of rapid self-heating in 
an air-stream at a temperature lower than that required by a coal 
of less oxygen-content. What is known of the constitution of coal 
points to the major portion of the oxygenated compounds normally 
present being compounds arising from the degradation of ' the 
celluloses ■ and compound celluloses of the cell-walls of the 
coahplanis. ' It is Just these .compounds of which the struc- 
tures of the molecules approximate most closely in character tO' 
those of carbon, which therefore may presumably act like 
carbon in causing a loose attachment of' oxygen. A coal rich' in 
such eompounds — oxygenated compounds — ^might therefore be ex- 
pected to, absorb, oxygen.. readily and, ip$o facto ^ to self-heat readily. 

The term self-heat ” ■ may, moreover, be seen to have its. true 
signiffcance so far as a highly oxygenated., saturated/^ coal is con- 
cerned if' one considers that the loosely combi.ned oxygen may at 
a higher temperature desire a more permanent attachment — may, 
so.tO' say, bite' where previously it has only nibbled.. If any reac- 
tion of this .nature does indeed take place, an evolution of heat 
should be ' observed when a saturated '’"coal is heated slowly in a 
.vacuum or in an inert atmosphere.- Hollings , and Cobb (/. Gm 
Lighting, 1'914, '126, 917),. in the course ' of t|ieir study of the 
thermal phenomena ' occurring . 'during 'carbonisation, . obtained 
several. 'heating curves which show a marked exothermic- reaction ■■ 
(in 'an at'm.osph6re of nitrogen) hetween- 15.0^' and ',2 50°, Hollings-, 
and', Cobb at a' later' date (T.',.1915, 107, 1109). stated, that they 
attached no importance . to -deffexions ' of their .heating cuiwes at 
temperatures lower than' 200'°, -apparently' because they - considered 
it '.'“hardly possible , that 'between 150° 0.,a'nd 250° -C. there can be 
'any 'exothermic .reaction in an inert 'atmosphere ’’ ' (foe. at, ,p.' 92-0) ; 
-but' the -deiexioiis shown In , their earlier p,aper are too large . to be 
ignored,.. '.'It is significant .that' the' rang.e, -150°' to 250°, over" which,' 
the- e-'xothe'rrai-c: rea.cti.on ' with.'-, coal- ■ i.n ■ a stream ^ of . nitrogen' ' is mani- 
fest in Ilollings .and -.'.Cobbs- ''-'©xpedm'ents should , correspond" '.so'-''" 
closely with - the.' ra'nge -over :'whic^ seri'^ of coals , tested 

in the. present', research,:.. .rapid ■s'elf'.'he.ating''.'"'oc,ciirH in' a- ■ stream of 
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The lines upon which the researches are being contiiiiied are 
obvious. At their present stage, the following working hypothesis 
can be advaiicec! : The reaction responsible for the self -heating '' 
of coal is mainly one of attachment of oxygen to nioleciiies of high 
carbon-content. 'Subsidiary' to this reaction, but playing an 
important part in determining the actual spo'iitaneous ignition of 
coal, is a chemical interaction bet-ween the oxygen thus loosely 
held, by the carbon-like molecules, and. other atoms in those mole- 
cules, or other portions of the coal conglomerate. 

I wish to^ acknowledge the assistance of Mr. "C, B. Platt during' 
the experiments described under the heading “The Oxidation of 
Coal/’ and of Messrs. M. J. Burgess and T. P. E. Rhead during the 
experiments on the ignition of coal. 

{Received, October I2th, 191S.] 


LXXXVII. — Studies- in the --Tetrcthydronaphthalene, 

Series, 

.By Aethue G. Green and .Frederick Maurice Rowe.' 

A. B.T-Teti^ahyclrO'-a-naplithylafnine, 

r/r-TETRAHYDBO-a-NAPHTHYLAMiNE has been shown to possess many,:, 
interesting p'eculiarities. It" has ■ the general ‘"properties ■ of , an 
aromatic amine, yet, wdiilst on the one -hand it resembles .aniline 
and ' its homologiies . (particularly o-2-xyli,dine) rather ■ than 
a-naphthylaiiiine (Bamberger, A nmai en , ISdO, 257,, 11), on the 
other it is similar to a-naphthyl amine .in- the , facility ' with which 
it reacts with diazonium salts,.' -forming amiiioazo^derivatives ,'far ,■ 
more readily than does ' o~2-xylidine' '.(Noelting,'. and F'orel, ' 

1885, „ 18, , 26,8'2). Of further 'interest "as '■ -the fact -that' -azo-dyes , 
derived from ar-tetrahydro-a-naphthylamine differ considerably in: 
'shade 'from ' similar azo-dyes ■■derived,.',from 'a-naphthylamin-e,,'' and in 
:this, respect' appro-ximate .to' dyes ..derived ' from.,.' ben zeiioid, amines 
(Bamberger, Ber., '.ISS'I,- 20-, '.,2915'';,. .Bamberger .and' Bordt/.thiff,, 
T889',' 22,, 625; Morgan, a,nd Richards, Sot., G/zm'. 

24/"652").' , In view,' of the possible ' importance of - tetrahydro-a- 
naphthylami-ne 'in ..the technology' 'of 'dyes,- it 'appeared .d-esirabi©- to 
' inv-estigate 'm'ore''.,'nloeely ,'',the''',''''fbrm^^^^ of tMs' base;' 'and": also '.''to 
attempt-' to "prepare a number -of '.its previously ttEknown -deriv- 
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atives in order to compare tlieir properties with 'those of beiizeiioid 
and naphthalenoid compounds of corresponding type. 

ar’-Tetrahydro-’amaphthylamine was obtained by Bamberger and ■ 
Althausse {Ber,^ 1888, 21, 1786) by reducing a-naphthyiamine with 
sodium and boiling amyl alcohol. This reaction appears to be a 
general one for the preparation . of hydrogenated naphthalene 
derivatives,' a considerable number of which were prepared by 
Bamberger and his numerous collaborators Qoc. cit.). It is usually 
carried out by reducing a boiling solution of the substance in ten 
times its weight of amyl alcohol with one and a-lialf to twice the 
theoretical quantity of sodium (Bamberger and Lodter, Ber.^ 
1877, 20, 3073). The yield and character of the product vary 
with'' the 'individual substance reduced,- a-derivatives of naphthalene 
giving rise to aromatic, w^hereas jB-derivatives form, mainly alicyclic 
compounds. 'Thus it' was found (Bamberger ancl,, Mullei% 

1888p 21,' '850'; Bamberger and' 'Kitschelt, 1890,,' "-'28, ; 87 6) 

that the main product obtained by reducing ^-naphthylamine was 
tfC“t'etrahy'drO"^-naphthylamine, ' -together with a small quantity";, 
of ' ' ar-tetrahydro-jB-naphthylamme.- On ' the other hand, ar-tetra- 
hydro-a-naphthylamine is 'stated .to'-’ be the ‘ sole product when,'' 
a-naphthylamine is reduced, the isomeric alicyclic compound having 
only been obtained from nc-tetrahydro-S'amino-l-naphthylhydr- 
azine (Bamberger and Bammann, ^er., 1889, 22, 964). 

The infiuence of the particular alcohol used as solvent on the| 
yield of product , was also investigated, by Bamberger,, who - found' 
that ‘in the reduction of jS-naphthylamine, replacement of amyl 
a',l'Cohol '.by e,thyl alcohol results in a minimum yield of the tetra;-- 
liyd,ro^d©rivative, and concluded that the 'COiirse taken by the reac- 
tion '"and, the yield obtained were -intimately cO'nnected-, with ,, the 
b'oii.ing 'point 'of' the 'solvent employed'.. Later, exp'Oriments' ,,(Bam-, 
berger a,'nd, Mtiller,, ' Bcr.,- 1888, 21 ,, 'll '12), using ' S'Uch, -solvents', ''a-S'l 
hexadecyl alcohol, phenol, ' glycerol,' - and,' mixtures' o'f ', amyl ''.alcohol' -, 
and vaselin,. : dld not, however,, support this ,'' hypothes'iB, , 'at „- least 
ill the ca'a©',,of;'j8'-naph'thyIamine.,". 

We have now studied the-.c-on-ditions go-verning the, conversion 
of ct-naphthylara,in'6, ..into ar-tetrahydro-a-naphthylamine. , .When 
amyl alcohol was .used, as, th'©, solvent -and the. , reduction carried out,' 
as described by other workers, a "yield : of , 70,' per, 'cent., -of .the ' 
theoretical was obtained. It was 'found, that when amyl .alcohol 
was replaced by ethyl alcohol, the a-naphthylaiiaine remained un- 
altered and no ar-tetrahydro-a'-naphthylamine , could 'be ' detected. 
Similarly, a-naphthylamine was not changed" by, treatment - with' - 
sodium when butyl alcohol was used as solvent, ' and' th-e addition': 
bf butyl alcohol to amyl alcohol pr'oduced a 'diminution in' yield 
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proportional to tlie quantity of butyl alcoliol in tbe mixture. 
Moreoverj in an experiment in wbicb butyl alcohol was employed 
under pressure sufficient to raise the boiling point to that of amyl 
alcoliol iiiider normal pressurej no' trace of ur-tetrahydro-a'iiaplithyl" 
amine could be detected. The difference in the behaviour of amyl 
alcohol from other alcohols cannot therefore be' due to differences 
in boiling point, and as the reaction is always accompanied by the 
destruction of from 10 to 15 per cent, of the amyl alcohol used, it 
,is probable that the reduction is intimately connected with the 
oxidation of amyl alcohol, and not simply due to direct hydrogen - 
ation. 

The effect of the presence of (1) sodium amalgam, (2) mercurous 
chloride, (3) a nickel catalyst, (4) dextrose, on the reaction with 
sodium in butyl-alcoholic solution was also studied, but in no case 
could the tetraliydro-base be detected. 

Sabatier and Senderens succeeded in preparing tetraliydro- 
naphthalene by . reducing naphthalene with hydrogen in the 
presence of nickel rend,^ 1901, 132, 1254). We have 

now tried to prepare ar-tetrahydro-a-naphthyl amine by the nitra- 
tion, and reduction of tetrahy'dronaphthalene. Although nitrations 
were carried out under a variety of ■ conditions, in all cases oxida- 
tion took place and no nitro-derivative was isolated. 

The fiEr-tetrahydro-a-naphthylanline- required for our subsequent, 
experiments was prepared ' by reducing a boiling amyl- alcoholic 
solution of a-naplithylamine with ■.'■sodium , The mixture was poured ; 
into , water, the amyi alcohol layer separated,' acidified with hydro- 
chloric acid, and, the amyl alcohol removed by distillation in a 
■current of steam. The residue was filtered : from a little tar and 
■allowed, tO' crystallise, when the hydrochloride of. ■ar-tetrahydro-a- 
.naphthylamine separated in .large, colourless tables similar in 
appearance to aniline hydrochloride. The .mother liquors from a 
number of preparations were- united , and concentrated, ' whereby a 
further . quantity ■of the hydrochl^oride was obtained. The' filtrate 
from .this was basified, and the separated, base examined. It, was 
■found that whereas pure' ar-tetr.ahydro-a-naphthylamine condenses 
■:W,i,th ,4-chloro-l : 3-dinitrobenzen©^. to^'^ ■ form '2': 4-dinitrophenyItetra- 
'hyd'rQ-a-naphthylamine,,,^, a, ■ compound crystallising in .■orange-red 
piates'.'Or needles,',, melting at 134°:,.^. the base from the mother .liquor^s 
■whO'ii 'similarly treate^d' .gave, ; together with .this compound, , an ■ 
isomeric .sub'stanc© crystallising - in '■golden-yellow, .leaflets melting' at 
,I2P.' :','"T'he two compo'und^s^. co'uld^.^ he' readily separated': in ,, a" ptt,re 
condition, as the former,' is '.less,,, rea.diij' soluble,, in alcohol than .the*' 
latter. This observation pointed ' to the presence in the mother 
liquors of ^x^-tetrahydro-a-naphthylamine. ' ■ , This was isolated ' 'by 
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passing carbon dio-xide tlirougli a solution of tbe mixed bases in 
iigiit petro'leiini, \\dieii the. crude carbonate of the alicyclic coni” 
pound separated. Tlie base after purificatio.n proved to be> identical 
“witli wr>tetrahyd.ro*a-naplitliylainiiie described by Bamberger and 
Bamiiiaiiii (loo. cit.), 

a-Napiitliylaiiiiiie on reduction, therefore, gives mainly the 
ar-tetraliydro-base, together with a small quantity of the ac-tetra- 
liydro-base,' whereas in the case of jS-naphthylamine the proportion 
of alicyclic and aromatic tetrahydro-hases is rev^ersed. 

B. Nitro-derivatives of suv-Tetrahydro-cL-najphthylamine. 

Morgan, ■ Micklethwait, and - Winfield (T., 1904, 85,' 737) state 
that the .changes involved on ■ nitrating. tetrahydro-a-naphthyB 
amine and -its , acyl derivatives are somewhat complex.;". We 'have 
now examined the process more closely, and have prepared and 
examined 'the mono- and^ di-nitro-derivatives of ar-t©ttahydroacetm 
a-naphthalide and the corresponding: nitroamines- 

When aT-tetrahydroaceto-a-naphthaiide is nitrated in cold 
sulphuric acid solution with one molecular proportion of nitric 
acid, a nitro-derivative is ■ formed, tegether with a considerable 
proportion of an uncrystallisable- resin. ■ The formation of resins 
ill , this and other cases may possibly be due to the presence of a 
small quantity of the alicyclic isomeride in the material employed. 
The product proved to be a mononitro-compound. It is readily 
reduced, to the monoacetyldiamine melting at 156®, which on treat- 
ment with ' acetic anhydride is converted into the diacetyidiamine, 
melting at 291®, described by Morgan, Mickletliwait, and Winfield 
(Im. The ,n,itro-group. is therefore' ■ in the para-position with 

respect to the .'acylamin.o-group. ■ Tn no case was the presence -of 
the isomeric- ortho-iiitro-derivativ© detected. 

The para-nitroamiiie itself is readily -.obtained by, the hydrolysis' 
of : the acetyl derivative with ’ alkalis ■ or acids, 'and is' -similar in 
appearance -and', properties to ■' p-nitroaniline, - It is converted on 
reduction: inte , «r-tetrahydro-l : 4-naphthyIenediamine. 

4-MtrcHar-tetrahyd,ro-a-haphthylamine .'.may be diazotised , -and- 
-coupled, 'forming 'azo-dyes^ - -the 'shades, nf' .which 'approximate 'more'" 
-.-nearly ' to' those of azcniyes of 'similar type -derived from benzenoid 
than -from : naphthale-noid' bases. . 

- When'" the.'quantity '.of- -nitric^’acid -wasv increased- to 'tw.o. molecular 
proportions and the nitration', carried-, 'out as before,' an'Oth,er -p.ro'- 
duct was obtained which, after'-.-separation - from resinous impurities 
by 'Crystallisation from alcohol, proved to be a dinitro- compound. 
This- aubstance is alsO’ formed by the further -nitration of i-nitro- 
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ar-tetrahy droaceto-a-naplit-halide . The dinitrote.t'raliycirO'-a--iiaph~ 
thyiamine itself -is readily obtained by wanning the acetyl clerlY- 
ative with sulphuric acid. . 

, Both 'the mono- and di-iiitroamines form qiiinonoid salts with 
alkalis (compare T., lOlSy 103, 508). The riiononitro-coinpouiid 
gives ■an orange-red potassium saU- and the diiiitro-compoiind a 
bluish-green potassium salt. In the former case^ the salt dis- 
sociates rather more readily than we found to be the case with 
other qiiinonoid salts of nitroamines. 

A-Nitro^av-tetraliydroaccto-a-jui pkf-halidc, 

H NH-CO'GHg 



H NOg 


Ten, grams of tetrahydroaceto'-a-naphthalide, meitring at 154*^, 
prepared as described by Morgan, Mickiethwait, and Winfield 
.eit), were dissolved in 16 c.c. of 100 'per cent, sulphuric acid.' 'The 
solution was cooled to —10®' in a freezing mixture an'd ■ nitrated 
at that' temperature by the addition . of a mixture of 3rB, c.c.' of 
nitric' acid (one molecular proportion, D 1*4) and 9 c.c. of 100 per 
cent, sulphuric acid. On .recryst-allisation of the product from, 
dilute 'alcohol or ■ boiling water, A-nitro-ar-tetrahf/droaceto-a- 
naphthalide was obtained in colourless, slender needles melting at 
178®, It is readily soluble in organic solveiits, 'but less readily so 
in water: 

' ' 0*1864 gave 19-3' c.c. No at 1.9®" and 756 mm. N = lh8a. 

C20H34O3N2 requires N' = 11 '*96 per cent. 

' .0*01248' 'required 10*1 ' c.c. 'TiCi.' (1 c.c. =0’001772 g.ram,-Fe). 
Calculated as CioHio(NH-CO-CH3)*N02='9'3'85 per cent., 
that is, 6H required for reduction. 


'l-A'cetyl-aT-tetrahydro-l:4:-nupMhpl€nedmmine, 

' H" : 'NH^GO-OH^ .' , 



H NH, 


■ Five' grams'efJro,n',. powder,'.! 'gram ..of ' acetic 'acid,.'(3:0' per, .cent'.)', 
and 15 „,c.c,; .of . ,w,ater' were' placed in'.'n fl'ask, anii, 6*.5 'gram, s, of ' ''finely 
powdered' ''4-iiitr'O-af-tetrahydroa0eto-a-naph'thalide', ,-' were /."added' iU' 
small portions '.at'.' a flask 'W'as well ' shaken j:, and',' hhe 
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temperature rose as the reduction proceeded. When the contents 
of the flask had lost their yellow colour, the mixture was filtered 
hot and the residue boiled several times with water and filtered. 
The united filtrates were extracted with ether-j and colourless^ 
rhombic plates or needles of \~acetyl-3>v-t€frahydro~l :4:-napht}iylene-- 
diamine, melting at 156^, separated from the ethereal solution : 

0'1452 gave 17'2 c.c. N2 at 20^ and 762 nim. N = 13*62. 

CjoHjeONo reqRU'es N== 13*72 per cent. 

1*20 required 5*85 c.c. Jl^-NaNO.,. Calculated as 
CioHio(NPI*CO«CH 3)-NH2 = 99*6 per cent. 

It is readily soluble in water, dilute acids, or organic solvents. 
By treatment with acetic anhydride, it is conveaded into the 
diacetyldiamine, w^hich forms colourless needles melting at 29P. It 
may be diazotised and combined with amines and phenols. For 
example', with 2-naphthol-3 : 6-disulphonic acid, a dye is formed 
which gives a reddish-brown shade on wool similar to that obtained 
with the corresponding compound derived from acetyl-p-phenylehe- 
diamine''"(Azo,Corallm-L).-" 

i-Nitro-s^Tdetrahydro-a-na 

H NHg 

■ ' H 

H 

H 

4-hIitrotetrahydroaceto-a-naphthalide is hydrolysed readily on 
boiling , the , alcoholic solution for ten minutes with sodium ' hydr- 
oxide, The nitroamine crystallises from the yellow solution on 
cooling, and on recrystallisation from dilute alcohol was ohtained 
.in p^ie yellow, needles, melting at 116°.- It is" readily soluble^ in 
organic 'solvents or dilute acids,-, but less readily so in, water. ■ Hydro- 
lysis may be effected equally well by boiling with dilute sulphuric 
acid .or hydrochloric acid : 

0 ; 1236 gave 15*5 c.c. at 18° and .756 ram. N = 14*45. 

Gi0H|2O2lSr2 requires N = 14*58 per cent, 
req.uired , -11*7' c.c. ■ iY-HaNO.,. ' -Calculated' 'as. 
C|(,H32(H02)*NH2 = 99*84 per cent... 

- '■,' 0*01 .required, 9*9. c.c. .TlClgXl c.c.=;=0*.001772 gram 'Fe). ' .'Calcu- 
, lated ;',as ,Ci(jHjq-(NH 2 )*HOo== 100*18 per, cent., ' that -is, O.H, 

' 'required lor.-reduction.- ' 

On adding hydrochloric acid -to an' '.alcoholic solution of'..4-nitro- ' 
«'r-tetrahydro-a-iiaphthylamme, the hyd^'oehloride . : ' separates''' ■ -.''in 
colourless, crystalline needles, which are decomposed by water. 


\/\/ 
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Poiassiiim Salt of A-Nitro-'SiV-tetraJi^^dro-a-najjIitki/la'mhie ^ , 

, , isrH:CioHio:N02k. 

Nine c,c. of a solution containing 1 gram of potassiiiiii livclr- 
oxide in 30 c.c. of absolute alcohol were added to- a solution of 
1 gram of the nitroamine in 100 c.c. of drj^ benzene. The colour 
became orange-yellow, but no' precipitate separated. When the 
alcohol was evaporated, however, an orange-red precipitate of the 
salt was produced, which was washed with dry benzene and ether. 
The salt is immediately hydrolysed by water, giving' the parent 
nitroamine and potassium hydroxide in solution. 

Titration with sulphuric acid gave K = 16'76 (mean). 

CiqHijiOoNoK requires K = 16*95 per cent. 

Cotton material padded with alkaline 3-iiaplithol, dried, and 
passed through a bath of diazotised 4-nitro-«'r-tetrahydro-a- 
naphthylaniine, is coloured a bright orange-red as com.pared with 
the scarlet-red colour of Para-red.” 

Diazotised 4-nitro-U'r-tetrahydro-ct-naphthylaiiiiiie combines with 
salicylic, acid, ' forming a yellowish-brown precipitate. This dfo 
gives an orange-brown shade on chrome-mordanted wool as com- ■ 
pared with the reddish-yellow . shade which is obtained when 
chromed wool is dyed w,ith p-nitrohenzeneazosalicylic acid 
(Alizarine Orange E). 

4-Nitro-ar-tetrahydro-a-naphthylamine is ■ readily reduced to the 
corresponding diamine by boiling stannous chloride. The colour- 
less, crystalline product which separated was filtered off, , dissolved 
ill water, rendered alkaline with sodium hydroxide, and extracted 
with ether. Excess of acetic anhydride was, added to, the ethereal; 
solution, and the precipitated diacetyl derivative crystallised from' 
acetic acid. It formed colourless, needles melting at "291®. 

By oxidising a solution of The hydrochloride , of the diamine with 
chromic' acid, followed by extraction 'with ether,' tetrahydro-a- 
,imphthaquinoiie was obtained.. After' several' crystallisations, , from 
light petroleum, it formed 'pale , yellow needles melting' at "55®, ,'the 
,. temperature given by Bamberger and'''Len'g'felcl (^cr., T89(), ,'23, 
'"1132). 

■ 2:4-Dmitro-m-tetrahfdrmcel'<hu-na'pM^^^^ 

'' H '■■KH-CO-CHg,, , 



i'' Ten' , ,griffls'',:'''of ' 'we're'’;: 'dissoived 

in' 16 c.c,, of 'l''0,§,'' per ''cent', 'sulphuric acid. ' ,'T'he solution' was' nooled 



962 GEEBK ANB BOWE : STUDIES IN ' THE 

to — 10*^ ill a freezing mixture, and nitrated at tiiat teanperatiire 
by the addition of a mixture of 7'2 c.c. of nitric acid (two mole- 
cular proportions, D 1*4) and 24 c.c. of 100 per cent, sulphuric 
acid. The , mixture was ' allowed to Temain overnight at the 
ordinary temperature, and then poured on ice. The crude product 
was separated and crystallised twice from alcohol, wdien it formed 
colourless needles melting at 202 °. , The same substance is 
obtained by the further nitration of 4-nitro-ar-tetrahydro'aceto-a- 
naphthalide r 

0'1148 gave 16*3 c.c. at 18° and 754 mm. N = 16*36. 

C 12 H 13 O 5 N 3 requires N= 16*47 per cent. 

0- 00943 required 12*8 c.c, TiGlg (1 c.c. = 0*001772 gram Fe). 
Calculated as CjQH 0 (IS[H*CO*CH 3 )(]SrO 2 )a = 99*8 per cent., 
that is, , 12 H required for reduction. 


2 l i-Binitro-a^T-tetrahpdro-amaf}^^^^ 

H ‘ ' 


H! 


x/x/ 

H NO. 


Binitro-ar-tetrahydroaceto-a-naphthalide was conveniently hydro- 
lysed' by triturating’ to a paste' with a little water and' dissolving' 
ill eoncentrated sulphuric acid. The solution was wanned to 50° 
.and poured ^into water. The yello.’w flocks which separated were 
collects .and crystallised from alcohol. 2 : 4 -Bw 4 ^ro-ar*^a 3 ?'ra/^yd^'ro- 
: forms small, ■ yellow' needles, melting '.at 18P. , It 

. dissolves iU' dilute, 'alkali hydroxide- with-- a crimson colour: - ■ 

. ,0 •1098 gave, 1 6 * 7'; c.c. ■ 'N'g at '1.9° - and 7 6,5 ' mm . ' ■ , N = 1 7 * 65 ., 

/ 010 ^ 11 , 04 ^ 3 , requires, 17 *72 : per -ce , 

,'x,.0,:0’01'' '''requ^ TiClg .'.■.'■(I-'- c.c*';':,=''G*'0'Q1446' gram.' .Fe). 

. Calculated - as ;GjoH9(NHo)(H02)2-=99’85, ' per ' cent., that is,, 
^ ' ; 12 H r«|uir«i for reduction ^ ^ 


: of Binitro^ax^tetrah^dro-a-naphth^lamme, 

:'--'',-''Mfte-e'n '.c.cr of alcoholic. ..potassium hydroxide, obtained-' by' dia- 
'solving'!' graia„',,of,„ potassium --hydroxide in* 30 c.c. of .abslouto',', 
alcohol, were added to 2 grains-' of ''.dinitro-ar-tetrahydro-a-naplitliyh,'; 
amine dissolved in 200 c.c. of dry benzene. A. dark -bluish-green ' 
precipitate of the salt separated, which was collected and washed 
with dry benzene and ::'.'ether.;. -.'-^'The- 'dry-,'''-''''saIt,''':fcKrmS:;'::^:'^a^^ 
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green po-wder wlaicli, deflagrates on heating. It is soluble in excess 
of alcoholic potassium hydroxide with a criiiison colo'nr. 

Titration with siiipliuric acid gave K = 13*97 (mean). 

CjoHiqOsNjjEI requires K== 14*18 per cent., 

C. Nitro-deriv ati ves of Suv-T etrali ydro~a~naplithol. 

ar-Tetrahydro-a-naphthol, originally prepared by Ba,mberger a,iid 
Aithausse (Ber,^ 1888^ 21, 1892) by diazotising ,ur4etra,h.5Tdro~a-" 
iiaphthylamine and boiling the diazonium compound with sulphuric 
acid, was shown by Bamberger and Lengfeld' (Ber., 1890, 23, 11,27): 
to possess the properties of' a phenol rather than of a naphthol. 
In preliminary experiments on the nitration of uz-tetrahydro-a- 
naphthol, we have found that direct nitration does not yield satis- 
factory results, ‘the products being charred and tarry owing to 
oxidation. It , appeared desirable, therefore, ■ first to prepare a 
sulphonic acid of az-tetrahydro-a-naphthol, and to use this com- 
pound for the nitration experiments. 

When ar-tetrahydro-a-naphthol ■ was treated with, sulphuric, acid 
at ,100 — 110*^, as in the sulphonation /of phenol, it ■ was largely 
destroyed and no sulphonic- acid could be isolated. The same result- 
was obtained when the temperature’ of sulphonation was reduced ,to 
■ ’60—70'^. Indirect methods of obtaining the siilphonie acid ,aIso 
failed.' Thus, although sodium naphthionate is readily converted 
into ,l-naphthol-4-sulphonic acid by treatment .with " sodium 
hyd,rogen ' sulphite, , followed - by boiling with alkali, ,it.s , tetraliydro- 
derivative (sodium ,flr-tetrahydro-a-iiaphthyla,miiie-4-sulphonate)' 
does not react .with sodium,, hydrogen sulphite, a fact dependent,, on, 
its benzenoid, character. 

Further, diazotetrahydronaphthalene-4-siiiphonic ' acid - ,'when 
boiled with dilute sulphuric acid gave, .as -, sole product, ar-tetra- ' 
hydro-a-naphthol, the sulphonic ,group' being ' eliminated by ,hydro- 
iysis during, the reaction. 

„ The „;ur-tetrahydro-a-iiaphthoimonosu,Iphonic, acid was' eventually 
obtained ,, by 'dissolving cir-tetrahydro-a-naphthol in twice its weight 
of " cold concentrated sulphuric --acid’ 'and allowing the , solution ' to 
, ,r€m,ain: 'Tor, - two ' da,ys. ,' The, . product '.,was ■ very , readily . soluble in^ 
water,', but its , sodium,, salt could "be-, isolated from the ,sulph.onation 
- mixture in-'the ',usiial -ma,nner-' -'-.On boiling; the siilphoni,c acid'rwith 
^Ailute, Acids,': ur-tetrahy dr 0 “U-naphthoi is regenerated. ' 

:Frc>m'"'' -analogy - to' -:-the”--mon,osulp,honi'c ,,-acid - of ,ar-t6trahydr,o-'a- 
■' 'na'phthylamiiie,,' -'which was --show'h' by--,-' 'Morgan, Micklethw-ait, '„a,nd 
Wi'’n,fi''eld- i9'04,':'''B§,,,-7,42')''^fe group in the: 

' para-po'sition with rwpect to the amino-gro'up,, -it was to be ex- 
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pecteci tliat tlie iiioiiosulpho^nie acid of ^xr-tetrahydro-a-iiaplitliol 
would also' be tlie para-compound. Tliat tills is the case is obvious 
from 'its behaviour ou nitration and the properties of the iiitro- 
derivatives. ■ * ' 

The above authors, from a study of the , reaction of diazoiiiiuii 
coiiipoiiiids 'with 4~br0motetrahydro^a-naphthylaiiiiiie and with 
«r"tetraliydro“a-ii'aphtli3damine-4-siilphoiiic. acid, conclude that the 
Inactivity of the hydrogen atom in the ortho-position with respect 
to the amino-group, which is such a characteristic feature ot’ the 
iiaplithalene moleeuie, is destroyed when the iion-sub.stituted ring 
'Undergoes hydrogenation. 

In the case of nr-tetrahydro-a-naphthol and its ■ para-siilplioiiic 
acid,, the behaviour towards' diazoniuni' cornpouiids is , rather 
different'. ,rt?'-Tetrahydro-a-iiaphthol combines readily ■ with' ■ di- 
azoni'iiiii conipoiiiids, forming azo-dyes. .’Yet .this fact cannot '.be 
employed'' for .estiiiiating «/*-tetrahyclra-a-naphthoI, as the figures 
o'btaiiied by titratin.g \vith .Y/lO-jMiitrobemenediazoiiiiim .chloride' 
solution are too high to agree with. a simple para-azo-coiipling and 
too'' low to- agree .with. a. complete, formation of the b'isazo-dye. 
Tliis' is in agreement "with, the observation made by ' Jacobson and' 
Turiibuli. (Jcr.p 1898, 31, 898). that beiizenecliazoiiiinii chloride 
combines ' with ar-tetrahydro-cE-naphthol, forming both the para- 
nio.iiO'azo- and the bisa.zo-dye siiniiltaiieously. On. the other .liaBcl, 
rt/'--'te't'raiiydro-a-iiaphthol-4-sul.phonic- acid in alkali.ii.e solution does 
'not combine with diazoniuni compounds to form azo-dyes. If', how- 
e'cer, a diazoiiium ' compound is . added to an acidified solution of 
flr-tetr.aliyd'ro-a-iiaphthoI-p-sulp.honie ' acid . and the ■ mix'tiire is 
rendered alkaline and then acidified, co-mbination does takes place, 
the s.ulpiiO'i'iic group being, displaced by the azo-group. 

, For* the nitration ' experiments, .it wvas found uiiiieeessary, to 
isolate' the ' €2'r-tetrahydro-a-naphthol-4-siilphonic, ' acid. .'The 
H'lilphonatioii' mixture was. diluted with.water: au'd nitra'ied ■’with 
dilute, 'nitric .acid, in the cold. ’‘/Whereas'^ all attempts .at direct 
nitration of nfr-tetrahydro-a-naphthol. .' had^ proved. ' un.sat;isf.actory, 
approximately ■ theore'ticah yields ■ were ■ -obtained by nitrating the 
siil-phonio: acid und-er these conditions, 

'When .one nioleciila'r proportion of nitric acid w'a.s used for nitra- 
tion,. : the :'iiiixtii're-, set to'- a. mass..' of yellow', needle-shaped crystals 
readily s-oluHe in' *wate'r,-''W'hich 'proved. to be .a mononitro^ar-tetra-, 
liy d'ro-a-naphth'olsu'lphomc'' acid . . 

'.'.'/The, snlphonic group of the' nitrosuipho'iiic acid -was readily hydro- 
lysed by , boiling .with .diiiite- sulphuric acid', , -' The product, mono- 
nitro-n-'r-tetra,hydro-«-Ba.-ph-thol, is.-, 'readily - volatile: .with; - steam, f orms 
orange-coloured' salts.. with - a-lkalis,:'. -.and .condenses, with 'diazoiiium 
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coiiipo'iiiids., fbrniing azo-dyes. This behaviour is very similar to 
tlia;t of o-iiitroplieiiol, and the coiiipoiiBcl is presumably an ortho- 
derivative. 

By .increasing the quantity of nitric acid to two and a-haif mole-' 
ciilar proportions and nitrating in the same maiiixerj the iiitro- 
siiiphoiiic acid separated as before^ but on warming the mixture 
to 50“^, the product Became insoluble in cold water. This coiii- 
pound proved to be diiiitro-ar-tetrahydro-a-naphthoL 

111 order to. obt.ain d-nitro-^/r-tetrahydro-a-iiaphtholj an attenipt 
was made to prepare the corresponding nitroso-derivative. By the 
action of one molecular proportion of nitrous acid on nr-tetraiiydro- 
„ a-naphtliol, there was obtained, together with unaltered tetra- 
hydro-a-iiaphtliol, a product which crystallised in yellow needier 
irielting* at 163^. This substance did- not give Liebermann's nitro.so- 
reaction and was not affected by alkaline potassiimi ferricyaiiide. 
Analysis proved it to be a mononitro-ar-tetrahydro-a-naphthol. 
By increasing the amount of nitrous acid to two molecular propor- 
tionSs the whole of the ar-tetrahydro-a-naphthol was convert.ed into 
thiS' iiitro-componnd. It was not volatile with steam,, formed 
yellowish-bro.'Wii . salts with alkalis, and did not condense, with 
diazonitiiii "■ compounds. The, properties of the compound' are 
. similar to" those of iwiitrophenol, ■ and the substance ■ is presumably 
the para.nitTo-derivative of tetrahydro-a-naphthol. 

On further nitration, both 'mononitro-.-derivatives give rise to 'the 
above diiiitro-compound. The relationship of these conipoimds is 
therefore shown, by the scheme on p. 966. 

On account of the importance ' of 2 :4-dinit.rophenol' in the pre- 
paration of sulphide dyes by the- action of the polysulphi-de fusion,, 
it appeared of interest to. examine -the 'behaviour ; of dinitro-^-r- 
tetrahydro-a-iiaphthor w.heii subjected to a similar, treatment. , An 
equivalent quantity of this compou-nd was, substituted for 2:4-di- 
,ii.itrophenol in a technical process for the production, of 'the 'well- 
'. known black sulphide dye (Sulphur , Black T',. .©tc.). ,, ' The product- 
possessed sulphide dyeing, properties, but it. .was- tinctorially weak 
„and .valueless. 

' :'3.T-Tetrahyd4*o-a-'nnphtholr {ly jy 

. ', The' '.ar-t«t:rahydree.a'-n,aphthor required," in .'the -following 'experi'- 
nieii,t,-, was '■ obta'ine'd by . the- .method described by Bamberger" .and 
Altlia,tt,sse ,' ' (for. . '«.-r-Tetrahydro---a-naph-thylainiiie . was'' ..d'iazo- 
,'t'is-ed i'll the presence of -excess, ' of ■"■sulphuric - acid,, the 'mixture heat-ed, 
.-..iintii" ■■the 'evoltitioii '- of:-, ''n ■ ceas.ed,, .'.'a'lid'- ..then",- -distilled ;''i,n'.-'.a,- 

©.iirre-H't 'of ,ste.a,in.: , , The ^ product ■formed shimmering, -.'^silvery plates- 




;ia©Itmg at 69®' (Bamberger and Altiansse' give ^68’5— A, 
further quantity nf/ ar4etrahydro-amapMhnl \ was : prepa 'by 
Jacobson and/' TurnbuIFs modification 31, 897), of 

Bamberger aiid', Bordt'^S'"'''(Se'r.', .1890, '23j ;'215) method/ consisting 
in the reduction' : of' a-imphthol- in- boiling amyhalcoholic solution 
with a large excess of sodium.', "O'f tho"'two-:inethO"ds of '.preparation,, 
the former is to b'O' preferred.;, owing, to the fact that at least four' 
times as mtieh sodium is required to reduce aumphthol compietely 
to ^rJetrahydro-amaphthol as is required to reduce a-iiaphthyl- 
amine to flr-tettahydronapMhjlamine. 
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&T~Tetmhif€lT{}-a-mi-phtJi^^^ -^cid (II, p* 966). 

Ten grams of finely powdered fw'-tetraliydrp^-a-naplitliol were 
sfcirred into 20 grams of cold concentrated sulpluiric .acid. When 
coiiipietely dissolved, the solution was allowed to^ remain for tw§ 
days at the ordinary teinperatiire, and the mixture was then diluted 
with water' and filtered from a trace of iiiisulpiioiiated «r-tetra- 
liydro-a*iiaplitlioh The filtrate rvas neutralised with milk of lime, 
and the caiciimi salt, after removal of calcium sulphate, was con- 
verted' into the sodium salt, evaporated to dryness, and the residue 
dissolved in a little water and alcohol added iintii the' mixture 
was opalescent. On allo-wing to remain, mdium dj:detmkydro-a- 
crystallised in colourless, prismatic needles. 
The crystals soon effloresce on exposure to air, leaving an amorphous 
. powder. Both the sodium salt and the free siilphonic 'acid are 
very readily soluble in water. The sulphonie .group is rea'clily 
liyclrolysed by boiling' wdth dilute acids, 'ar-tetraliyd'ro-a-naphthol 
being regenerated. ' Bi^-TeiraJipdro-a-naplithohArBidplwm'c "add in 
sieiitraTor alkaline solution does hot couple with cliazoniiim salts, 
to .form 'azo'-compoiinds. 

A;sampl© of the, sodiuin salt'- dried at- 60^' was employed in The 
follow'-'ing analysis : 

, '„ O- 2288 , gave 0*2096 BaS 04 . ' S'=:12*58. 

C\ 0 HiiO 4 SNa i*equires .S = 12;80 p'er cent.. 


2-Nitro-B,Td€drahpd/ro^a-naphtdid-4crndph^^ (III, p. .966.),y , 

Bight ' -grams, of ur-tetrahydro-a-naphthoT ■were. ' dissolved.,.' .in 
16 grams of cold concentrate’-d - sulphuric, acid.- " The solution, w^as 
allowed to' remain" , for two days, -diluted , with. ,.25 ,c.'c. '. of- water, 
cooled in' ice, and nitrated, wdth 3-*.'7' 'c'.c. ',o{„: nitrid' -a.cid: (one -mole- 
cular proportion, D 1’4) . diluted- with- 8. -a-Ci ofi^water. , .' ,Th©' u,te 
sulphonic .acid separated in 'yellow needles, which were ■.-collected, 
and a further qiiantity-, ,was' obtained by adding an excess of hydro-- 
chloric acid to the filtrate. The product was recrystallised by dis- 
solving in a little water and adding hydrochloric acid. 2 -iTiiffo- 
Mddmh'^dro-a-na’phtkol~4^-mlphonic' amd crystallises in long, pale 
yellowq fiat needles melting at 182^, which are readily soluble in 
water or alcohol. It dissolves in dilute alkalis with a yellow colour, 
forming very readily soluble and the free siilphonic aoid is 

only reprecipitated by the addition of a lai^ge excess of acid. The 
sulphonic group k readily hydrolysed on boiling with dilute 
-'--Enijphtirio'acid" (l":l:ji,"' ' 

v'on. Cxiii. 
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All air-dried specimen was employed for the following analyses : 

0'4158 gave 18*4 c.c. No at 18^ and 747 iiiiii. N = 5'04. 

i:}-263‘>- " „ 0*2217 BaS04. 8 = 11-57. 

■Cj^HiiOgNS requires N = 5*12; 8 = 11*72 per cent. 

* O’Ol required 7*7 c.c. TiClg (1 c.c. = 0*001556' gram Ee). Calcu- 
lated, as C|oH 9 (OH)(S 03 H)’N 02 = 99'5 per cent., that is^ 6 H 
required for reduction.. 

2-MiiTo~d^T-t€trahydro-a-riaphihol (lY, p. 066). 

2-Nitro-a.r-tetrahydro-a-naphtlioI-4-sulphonic acid was. ' boiled 
with dilute sulphuric acid ( 1 : 1 ) and distilled in a current of steam. 
When crystallised from ether, 2-?idtro-&T-tetraJiyeko-a-7iupht^^^^ 
forms long, yellow needles melting at 56^, which are readily soluHe 
in organic solvents but sparingly so in water. , ' It is r.eadily ' volatile 
with steam and possesses a sweet, pleasant odour.*, 

2~Nitro-nf-tetrahydro-c£-naphtho! 'dissolves in. sodium ' iiyd-roxide 
-with ail' orange coloration.. The salt , crystallises' from"'^a; 

hot' concentrated aqueous s,'Olution .' in.' ,orange-red, . shimmering' , plates 
or 'needles.,' ■ 

„ ' 2-Nitro-flr4etrahydro-*a-naphthol ', imuples , with' diazoiiiimi coii.i- 
, pounds, forming 'azo-dyevS. It may be' estimated by titration 'With 
' a 'standardised diazonium chloride solution : 

0*2246 gave 14*1 c.c.,, 'at'TS'^ and 747 mm. 'N = 7*i4. ' ' 
OjQH;^jOgN requires .N=7*25 per cent, 

O'OI ..required.,, ,11*6 , c.c. , TiCls (1 c.c,. = 0*001495 gram Ee). 
Calculated as. GiQHio(C)H)*N 02 = 99-6 per cent., that is, 6 H 
require ' .for reduction. ' ' 

, 0*3 'r'equired"l'5*4' c.c. A/lG-p-nitrodiazobenzene. 'Gaiciilated , .as 
, , CiqH j 0 (OH ) • NOig- = 9 9 * 07 . per ■ cent. ■ 

. 4-Niiro-BT-tetrahydra~a~?mphthol^ (Yly p./d'SQi'), • 

Ten grams of ar-tetraliydro-a-naphthol 'were dissolved in sodium 
hydroxide, the solution being diluted '.with 'Water ' to 300 c.c.,,, "To ,■' 
this, an aqueous solution of 7*2 grams 'of, sodium, nitrite' (two "roole- 
cular proportions) was added, tc^ether with .200 grams of ice. " One' 
hundred cx. of 10 per cent, sulphuric 'acid, 'contained, in 'a dropping'" 
funnel, the end of which dipped below. 'the .surf a'Ce of 'the, liquid; 
were then slowly run into the mixture '' with 'constant' 'agitation. 
The yellowish-white predpitate was collected and washed with cold 
water. The major portion dissolved in sodium carbonate solution, 
and was filtered from a small quantity of a tarry residue. From 
the filtrate, the product was _ precipitated by dilute acetic acid. 

' crystallises from dilute alcohol 
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ill yellow needles melting at 163^. It is not volatile with steam. 
It dissolves in sodium hydroxide with a yellowish-hrowii colour, 
and on the addition of excess of alkali the sodium salt crystallises 
in brown needles. Its salts are more readily soluble in water than 
those of the isomeric 2-'nitra-compound. 

4~Mitrc>-ar--tetraliydro-a-Baphthol does not couple with diazonium 
compounds : 

0*2432 gave 15”0 c.c. Na at IS^ and 758 mm. N = 7*12. 

C^oHiiOgiSr requires K = 7-25 per cent. 

0*0i03 required 11*4 c.c. TiClg (1 c.c. =0*001556 gram Fe). 
Calculated as CioHio(OH)-IsF02 = 99-0 per cent., that is, 6H 
required for reduction. 


2:^-Dinif/ro-d^i-tetrahydro-a-nafhthol (V, p. 966). 

Twelve grams of ar-.tetrahydro-a-napMhol w^ere dissolved in, 
24 grams of cold concentrated sulphuric acid, the solution was 
allowed to remain for two days, and diluted with 32 c.c. of water. 
The clear, liquid was cooled .in ice and nitrated with 14 c.c. of 
.nitric, acid (2,* 5 inoleciilar proportions, D 1*4) diluted: with 16 c.c. 
of ' water. ■ The 2-nitrcHzr-tetrahydro-a~naphthol-4-sulphonic ■ acid 
crystallised, in a mass of yellow needles. The mixture was then, 
warmed on the water-bath ■ at 50° until the separated product was 
insoluble in cold water. • The yield- was almost theoretical, ' ■ 2 :4- 
I}imtro-d,v-tetTakydro-a-7iafhthQl' imm^ ether in large, 
yellow, rho-mbic . prisms melting , at 105°. The same* substance is 
obtain-ed by the further nitration of either 2- or 4-nitro-ar-tetra- 
hydro-a-naphthol. It is' also formed by nitrating ,diazotetrahydro- 
iiap,hthaIene-4-sulphonic acid. .It. is soluble in organic, solvents,' 
sparingly so in hot ' water, and .is slightly volatile with steam. It 
■dissolve in sodium ■ hydroxide with ■ an orange-brown colour, -and 
the sodium salt crystallises from the. solution in orange needles : 

' '1 0*2046 gave ■20*4 c.c. Ng at- 18°: and. 764 mm. "'N-ll-Bd.' 

' CioHi^OgHg ' requires- N = 11* 7;6,' per cent. 

■ 'O'Ol required 18*8 c.c.,„TiCl 3 ,.,(l c.c. =-0'"'001495' gram,Ee). -Calcu- 
■' ' „ ,',lated 'as .,,CjoHg(OH)(N02)g=99-5;^ is, '■ 12H; 

' : -required for reduction. 

D.; a^GMoro^Br-^tetrahydro'MphtJtalene, - - . 

lar-eparaia-on 'of l-bro'm-otetrahjdronaphthalene from ar-tetra- 
hydro-a-iiaphthylamine by the Sandmeyer reaction has been 
described by G. Smith (T., 1904, 85, T29). Subsequently, Morgan, 



1170 


GREBN , BOWE : ST'UBiES IN THE 


Micldetliwaitj and Winfield prepared from it a broinodiiiitrotetra- 
iiyclronapiitlialene (T., 1904, 86, 74T). 

In view o! tlie great reactivity of 4--cliIoro4 : S-dinitrobenzeiae, we^ 
have now prepared tfiie corresponding cHorO'- and/ cMorodiiiitro- 
derivatives' of tetraliydronaplitlialene in order to study tlie 
behaviour of the latter compound. ^ 

.When a-cbloronaplitlialene in boiling ainyl-aicoliolic solution is 
treated with sodium under the same conditions as are employed 
for tlie' preparation of «r-tetraliydro~a-iiaplitliylainiiie froiW;. 
amaplitliylamiiie, a mixture is obtained consisting ol' dibydro- 
iiapbtlialene, tetrabydronaplitbalene, and unaltered a-cbloro- 
napbtliaiene. Tb© dibydronapbtbalene was identified by conversion 
into' tbe dibromide, melting at 74^ (Bamberger and ' Lodter, Ber.^ 
1887, 20, 1706), and tbe tetrabydronapbtbalene, by". 'oxidation'' ‘to 
o-carboxy-jS-pbeBylpropionic acid, ^ melting :p: l'66^ (Bamberger and 
Kitscbelt, Bef\, 1890, 23, 1564). ; ■ ' 'No' . : a-cMoroteferabydro- 

iiapbtialeiie was. formed by this 'mefchcd:,:: , It^was/tberefor©. 
pared directly from. ar4etr.abydro-a-napb'tbylainine by Sandmeyer's 
reaction. .Tbe yield. of a-cblor'otetrabydr'.onapbtbalene' obtained was 
not g.ood, aS' considerable proportion; of. ';/^.r4etr.abyd'r(>a-napbtli.ol 
and .' ■ tetrabydronapbtbalene ' " was iornied. "'siiiiultaneotisly. No 
iinpro'vemeiat' resulted from ;.:sub.stitu ting .copper powder for .cuprous 
chloride in this reactioii, ■ . .' , ., 

Tbe product .obtained by nitrating a-cblorotetrabydronapbtbalene 
with two..'.. molecular.. proportions, of nitric acid. in, .the cold was 
largely, eontammated . with an 'uncrystallisable 'resin. " Purification 
'WaS' effected, by; repeated, extraction .-and' crystalMs.ation' from light 
petroleuni, ' in wMcb 's'dlvent the ' resinous matter . w'as' .sparingly ' 
soluble. . . ' When ' , pure, ■ '. , the product, ■ .cbloro.d'imtrot.etra'bydro.; 
..mphtbalene, '..crystallised in .alm.ost colourless plates or needles.meit- 
,ing: at 68°. . It' .sbow'ed marked' differences.'.!!! ■.beba.viour. towards 
amines, etc., from that exhibited by chlorodinitrobenzene. Thus, 
whilst the latter reacts readily with a hot alcoholic solution of 
hydrasdne hydrate, the chlorodinitrotetrahydronaphthalene remains 
unaltered. It is also not attacked by aniline or other amines. 
This inactivity must probably b© attributed to sterical hindrance. 

On the other hand, both aromatic and alicyclic tetrahydrcHx- 
naphthylamines condense with 4-chloro-1 : 3-dinitrobeiizeiie, forming 
two isomeric dinitrophenyltetrahydro-a-naphthylamines. The con- 
densation product in the former ease crystallises in red leaflets 
melting at lS4®/'anif iix the latter in golden-yellow plates melting 
at IfiF. Both th^, were mbmitted to the action of the 

polysulphid© fusion.’' of dj% cKcamd when the con- 
denser method wap. ‘Wlphide dyes were formed in 
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eac.li case wlien ike temperature of the fusion was raised tO' 
160 — 170*^. The dye derived from dinitroplienyi-ar-tetraliydro-a- 
iiapkthylamiiie. gave a bluish-green leuco-eompoiiiidj whilst the 
leiico-clerivative of the dye derived from diiiitroplienyl-Ge-tetra- 
liydro-a-iiaphthylamiiie was. olive-green. The^ dyes were tinctoii- 
ally "weak and dyed cotton grey from a sodium sulphide bath. 
Presuniably coiide.iis.atio>n, resulting in the formation of a dye^ 
occurs only at the diiiitrophenyl end of the molecule in .each case. 


a-€hloro~d.T-t eiralyifdfonuiih thalene , 


H Cl 

H 


Forty grams (1 mol.) of ur-tetrahydrcha-naphthylamine, 80 c.c. 
(2 1 mols.) of hydrochloric acid, 'and 100 c.c. of water v?ere ground 
into a' fine paste and diazotised at 0^ by the additio.n of' a '^coiiceii'* 
tratecl aqueous solution of the requisite amount of sodium nitrite. 
The clear yellow solution ■ of ■ the diazonium chloride was slowly 
iHiii into a solution of cuprous chloride, . prepared by heating' . 3 3 
grams of , cupric chloride with 15 ■■grams of copper, 133 c-c. .of hyd.ro- 
ehiorie acid, and 28 o.c. 'of water ■until colourless. The orange-red 
coloration produced , with,, each addition of, the diazonium' salt} 
.rapidly ' d'isappeared on s.haking." The. 'mixture •was then' raised to 
the boiling , point and distilled in -a current of steam. The, dis- 
'tillate, which '.consisted,, of a yellow, heavy' oil, was' .ws'shed^ with' 
Kodium 'hydro.xide 'Until free from '///*4etrahydrma-naph.thol.' The 
insoluble , oil . ''’W’^as ' dried over . calcium chloride and fra,ctioii'a'ted . 
The first fraction, distilling at 204 — 212®," coiitained tetrahydro- 
'naplithaleiie, and the, second, 'd'istilling /.'at ,240— 245®,''. contained , 
a-chlorotetrahydronaplithalene. On re'fractionation, ■ .the . major 
portion 'of the, .latter boiled at- 250®/, 748' ■mm. a-OMoro-ar~fetra- 
.'..■/i:y'Jr£w.,a;|?/i'^ is a colourless, refractive liquid: with,' an 'arom.atic 
'.cdour i' 'si,,m,ilar ' to,,, that' of chlorobehz'ene. Unlike, ' .a-cMoro- 
..'naphthalene, 'it do'e.s 'not form' a'''eryst.aiime, picra,te : 

';:',', 0 * 2 ' 528 , gave 0^-2164'''AgCL .■a=21*17.-; A 

,:per.' cent 
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1 -Ohhjro-2 : 4c-dmitrO’B.t-tetTahydro'mi'i}hthalene^ 

H Cl 



H NOg 


Six grams of a-cliloToar-tetraliyclrO'iiaplitiialenB were suspended 
ill 20 c.c. of concentrated sulpliuric acid and nitrated witli 'a mix- 
ture of 0 c.c. of nitric acid (two molecular proportions^, B 1*4) and 
10 c.c. of concentrated sulpliuric acid at 0®. Tlie mixture was, 
poured on ice^ the crude product forming a brown, viscid mass. It, 
was extracted with etlier_, and the ethereal solution' washed with 
sodium hyd,rO'Xide iintir all the yellowish-brown colour was removed. 
Rosettes of pale yellow needles surrounded ' by air uiicry stall isable 
resin were deposited from the ethereal solution on , keeping;.';,", ,A,fter 
several crystallisations ,from light petroleum,, the. product w,as' 
obtained in colourless plates or, nee.dle.s.’'m,eltiiig"at.,'; 68 .^. ; .' "It.',is' 
readily soluble in organic; solvents, : is", slightly volatile, and has a 
s.w, 66 t odour: 

0%M26 gave 0*lM. AgC,L ' ^ 

0*2044 19*3 c.c.. No at 20^: and '754 inni. ' .N=^I0‘7.o. 

'C| 0 H 9 ,O^N 2 Cl,,req,iiire.s Cl-=-13’84; N==^10*91 per ceiit. 

0*01219 required 30'1 -c.c. TiClg ■(! c.c., = 0*001062 gram Fe). 

Clalcttlated, as Cj 0 H. 7 (NO 2 )oCl= 99*9 per .cent., that. , is, 12 H 
" , reqi.iired .for reduction. 


2 : ifh^v-tetrahydro-a- na phfk -i/lamme, 

' " ■■ NOj'- ■ , 

■' . ■ ■■ * ■ 

Jno. 


H 


KH 


H 

H 


/\/ 

H 


1 


A mixture of 5 grains of nr-tetra,hydro-a-iiaphthylam,iiie " .and, 
6*9 grams of 4-chlorO“l :3“dinitrobenxene^ was, dissolved in .100 c.c. 
of alcohol, a' hot solution of 4*6 grams of crystallis.ed'' sodium acetate 
in a little water was then added, and the mixture boiled' f or 'eight 
hours under a reflux condenser. Condensation proceeds rather 
slowly. The dinitrophenyl-ar-tetrahydro-a-naphthyiamine separates 
as it is formed in orange-red needles or plates. The product 
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crystaliis.es from alcohol in red leaflets melting at 134^\ It is 
readily soluble in acetone, benzene, or acetic acid, but less readily 
so in boiling alcohol and very sparingly so in cold alcohol. Addi- 
tion of sodium hydroxide to the yellow alcoholic solution produces 
a deep red coloration : 

0*1644 gave 18*9 c.c. N 2 at 18^ and 758 imn,. ]Nr = 13’28. 

^ 10 ^ 15 ^ 4^3 requires 17 — 13*42 per cent. 

0*01 required 8*4 c.c. TiClg (1 c.c. = 0*002510 gram ,Fe). Calcu- 
lated as Ci 0 Hj 5 lSr(NO 2)2 = 99*87 per cent., that is, 12H 
required for reduction. 


2 : 4,-1) imtroq)hen. 1 ^ 1 -B.c-tetraliiidro-a-n:aph thylmnwe^ 



.This 'compoiiiid,^ prepa .red i.ii the same manner as the preceding, 
Lseparates as an oil,, which solidifies, on cooling. .It crystallises from 
alcohol ill ' golden-yellow plates melting at..I 2 P., which ■ are'* more' 
readily soluble' tiia.ii the isomeric compound.. Additi.oii of sodium 
hydroxide to the. yellow alcoholic solution produces an' orange-red 
coloration : 

.0*1482 gave lI-T.c.c.'N. at 18®' and 75.8. min. N=13*32. . 

Ci^HjgOiNg ' requires .N = 13.*42 per ' cent. . ' 

O-Or re.qiiirecl 8*4 c.c. TiCig (1 c.c. =0*002510 gram Fe), 'Calcu- 
lated 'as Cj^Hi5H(N02)2,.=-99*:87 per' cent., 'that' is, 12H 
' .■ ■ required .for red.uction.. 


.'."in conclusion, . we' desire ■ to ■''."express . our thanks '.to Miss Eva 
.Hibbert, . who has' kindly carri.ed out - the titanous . chloride 'titra.-. 
tioEs.Af " the .iiitro-compounds described, .. and to Me.'ssrs. ' Levinstein, 
Ltd.,' who .have kindly suppli.ed 'xis-' with ’"the materials required.',; in ■ 
this inv^tig'ation. 

: CoixB0'E', :OF ;:f^OHisronooy,y 
', '"'.MAifoaBerBB.'. '" 
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LXXXVIII.— I7i.€ rx-BiUylctrylamines, Part I. The 
Action of ii'BiUyl Ohhride on o- and f-Toluidines., 

Bj Joseph Eeilly and Wilfhed John Hickinbottom. 

Whilst tlie niet^liyl- and etiiyl-arylaiiimes have been extensively' ' 
investigated, the study of the members of this series containing ; 
larger alkyl groups has hitherto been practically neglected. Thus,"' '' 
in the ease of the n.-biitylarylaniines, with the exception of the 
«-butylaiiiliiie3_, so far as we are aware,, no members of this group 
have been recorded in the literature. The aniline derivatives were 
prepared by the action of «.-butyI chloride on the free' 'hase'„(T.,,. 
1917, 111, 1026), and in the present investigation this reaction' has 
bee'n extended to the biitylation of ■ o- '■ .'and ■' p-toluidine. This was 
eaiTied out by a similar method, . and ■ also , by he'ating the amine 
:,with ? 2 -batyl alcohol in the presence" 'of -a condensing agent. Froiii 
s'tereocheiiiical ..'consiclerations. the". iiicrease'., 0 f ".the .substituting, alkyl 
group from a one- to a four-carbon-chaiirinay have adehnite effect. 
In, the chain of 'carboii' atoms -present. in-, the 'n.-biitjlarylamines, the 
temiiial ''carb.on atoms .are 'probably nearer 'the .nucleus than the' 
.correspoiiclmg , carbon .atoms .in the' lower alkyl derivatives, Con-, 
sequently, the, . relatioii . ■between' '.■■■. these atoms and those in the 
,!}e'iize,iie: ring may .b^e more intima:t8.than, if smaller carbon chains 
w'ere' present,' and' 'from, the ' comparative study of .these different 
types, of compounds,,, light ..may be" thrown on the €|iies,tioE of ring, 
formation'. ■ 

', When:",dea'l'mg ,\vith'' the' ''alkylation .of. anil^^ it w'as OB,ly neces- 
sary to'' .take': into account .the entering 'group, but in', the ca.se of the., 
,',to!iiid,ines, ' the 'infl'uenee 'oi the., group .already in the ring ' .has to' ' 
be considered. « -Butyl chloride reacts with p-toliiidine, produ'cing ' 
both secondary and tertiary arylamines. In the reaction between 
ft-butyl chloride and o-toluidine, how'cver, it was found that .mono- 
n-butyho-toluidine alone was obtained. Comparative experiments., 
on the methylation and butylation of o-toluidine were carried '"'"out' 
under conditions in which the dimethyl derivative was obtained. 
The corresponding di-n-butyl derivative, however, w^as not formed, 
the monorfi-bntyl compound being the principal product.' ■ The 
introduction of the w-butyl group probably causes an accumula- 
tion of carbon atoms in Bischoff’s critical positions,” which pre- 
vents any reaction between’ a second molecule.' of' ..w-bufcyl 'oMorid,e,, 
and the mino-groupv' 

Eegaiding the two seri’eS'df' mo6o^^»^-butyltc>!uidines, on 
hands with the para-compound^ all migration to the para-position : 
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is preveBieclj as it is already occupied, wliilst in tlie ortlio-cojn- 
poiinci tlie forinatioii oi para-substituted derivatives is possible. 
Derivatives were tlierefore prepared of tlie two series in ■ order to 
compare tlieir properties. . in tbe 

presence of alcoholic hydrogen cMorid© yields the corresponding 
p-wfifro>s' 0 -coin-|)o-iindj wMlst when tlie nitrosoamiiie of rt-biityl-p- 
toluidine is warmed with alcoliolic hydrogen chloride, the iiitroso- 
group is completely removed. . Similarly, all attempts tO' effect a 
migration of the nitroso-group to the nucleus failed. On the other 
hand, it was found that by allowing diazotisecl sulphaiiilic acid to 
combine with «-biityl-p-toinidiiie (I) in acid solution, a mixture of 
diazoaniiiio- and o-azo-compoiinds was obtained, iiaiiiely, i-metliyl- 
^-ji~huPyldiazmmimohem&ne--i^-S'iilphomc acid (II) and 3-p~suipko- 

(III). Under similar conditions j 




NH-0,H3 • 

/\ ‘ 

1 1 


/\n,-o,h,-so,h 

\/ 

k/ 

\/ 

Me 

Me 

Me 

(I-) 

(11.) 

(in.) 


f,i-butylaiiiline, gave almost' exclusively the' .para-compound' .{this 

voi., 'P'. ''99). ■ 

The ' blue, . crystalline p-iiitr'oso-compound of f?.-butyl- 0 '-toluidine 
(I¥),lias the property of forming- .additive compoiiiids. with metallic 
.salts. The dark green, crystalline cwpncMo'nVZc' was isolated.' By 
the a-ction of alkali hyd.roxido. on- 5-nitroso:-,?2-butyl-o-toliiidine (V), 
.this compound was' decomposed,, with the formation of, 'W-biitylamine. 
and S-nitroso-o-cresol, .thus .proving the 'migration .of. the' nitroso'- 
gToup. in,, o-tolyhwd^iitylnitrosoamine 'to the.,' ring and estabiisHiig 
the orie-ntation of .the 'nitroso-compound.' ,''' 

■ '. '. OH;' : 

m NO' 

Bi-'/i'-butyl-p-toluidine is not affected to any appreciable extent 
by the action of nitrous acid for a Aort time, consequently the 
secondary and tertiary amines were separated by the use of this 
agent, the tertiary amine being recovered unchanged, whilst the 
secondary amine was obtained from the resulting nitrosoamine by 
the action of hydrochloric acid or by reduction. Another methcd 
available for the separation, of the ^condary and, tertiary #-butyl- 


N(myG,E, 

: ■ 

(IV.) 
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/j-toluidines • depends on tke difference in the physical properties ol 
the picrates. The picrate of mono-t»-bntyltoliiidine is an oil^ whilst 
that of the compound is a solid which is readily obtained 

in a crystalMne form. 

'n-Butyl-p-toluidine was also obtained by heatang -/E.-biityl alcohol 
with p-toluidine hydrochloride. At about 140°, the secondary 
amine was produced, but on increasing the temperature, the yield 
diminished, and at about 240° no -//.-butyi-p-toluidine was isolated. 
Instead, a primary amine was collected in a fraction boiling 
between 255° and 270°. The other products consisted, of a 
secondary amine of a higher boiling ' point, together with some 
ammonia, and a substance which had an odour resembling that of 
quinoline. The action of acids changed the latter substance ' to ■ a 
resinous material. It is' apparent that, even at the temperature 
employed, the reaction is not a simple one. The butyl group prob- 
ably enters the nucleus, hut the reaction is complicated,, toy', the 
pr^ence of the methyl group whida is'^ already in the ring. , In ■ 
order to study this reaction more fully,; therefore, , it was decided' 
first to' investigate the action of '^^-toutyl " alcohol on aniline'' hydro- 
chloride before proceeding to 'the 'more complex cases of o- and 
p-toiuidine., , The authors, have already shown ' (this vol., p. 102) 
that .ft-butyl alcohol and aniline 'hydrochloride, when heated under 
pressure at a temperature below ,200°, furnish mono-'n-butylaniline 
(VII). The presence of a' primary amine was also shown, and at 
the , time this was , assumed to ,be' aniline. It is possible that a 
small quantity, at least, of, -a new amine was present. At higher 
temperatures, the amount of: this amme increases. ■ Thus,' on heat- 
ing 'a mixture of aniline hydrochloride and 'n-butyl alcohol in 
approximately molecular proportions, to 240 — 280° for six to ten 
hours, the. 'chief prodii-ct ,was 'identified as p-amr/2n-n-5«'%l&,e»^ewe 
(Till). It gives '.a' to .which": is .almc^t insoluble in 'water. 
There were higher butylated, products, consisting, probably for, the 
mmt (IX). 'This reaction 


NH-aH, 
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<^’4^9 

(VII.) 

(vm.) 

(IX.) 


is interestiii'g''"in that it throws some', light., on "the 'producta'on of 
alkyl nudear substituted arylamines. '.The, .prod.uction' '.of,':'|^am,iiiO“ 
»-toutyltoenzene would seem to follow from an intramolecular 
change of the f^-butylaniline which is first produced. If this is 
Ihte eas% Ihe reaction Js ‘XmiaxhahU in that it would indicate an 
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appreciable change in the stability of the alkyl-substituted anilines 
as* the molecular weight of the alkyl group increases, especially 
when it is remembered that dimethylaniliiie may be produced in 
almost quaiitifcati¥e yield by the action of methyl alcohol on aniline 
at 220'^' ill the presence of a catalyst. The production of :p-toluicliiie 
from methylaniliiie is stated to require a temperature of 300'°, yet 
it is possible to obtain ^>amiiio-;i-butylbenzen© from aniline hydro-- 
ehloride and n -butyl alcohol' at as low a temperature as ' 200°. 
These results would indicate that the -;t-butyl group is attached to 
the nitrogen atom less firmly than is the methyl or ethyl group in 
corresponding compounds. 'n-Butyl alcohol readily loses water 
with the production of butylene, and it is possible that butylene, 
if formed, may react directly with- the benzene nucleus with the 
production of -a butylbenzene derivative. The question of the 
introduction' of the wrbutyl group into the benzene ring is being 
further investigated. 


Experimental. 

By ■ heating j^toiuidine with 7i-butyl chloride, both mono- and 
■di-»-butyl-|^tolmdmes were formed. A solution of dry, ■ powdered 
l^-toluidine '(1 mol.) in f^-butyl chloride (2*5 mols.) was heated -on 
a sand-bath under reflux until no more ?i-butyl chloride was ' con- 
densed. This operation usually ' required 'sixty to eighty hours. 
By the addition of a small quantity , of a substance such as iodine 
to the mixture, the time ' of heating . was reduced. The contents 
of ■ the flask, w'hich were partly ' solid, contained the hydrochlorid'es 
of the ' mono- and di-alkyl-p-toluidines, together with some un-' 
changed p-toluidine and '^.-butyl chloride. The unchanged w-butyl 
chloride was distilled .off, -the residue-, dissolved' in water, ' treated 
wdth sodium carbonate ■ or hydroxide ■ solution, and. the, separated 
amines then rem,oved by ether. 'To the ethereal extract an .excess - 
.of zinc chloride solution (20 per cent.) was : added, when p-toluidin© 
zinci'chloride was- precipitated. ... By washing the -precipitate, re- 
peatedly with small amounts of ether, -the mono- and -..di-substituted. 
t 0 lu.i-diiies- were removed, and ' - were 'thus - freed; from the ■ greater 
buik.'-.ofqth© ;'J^toluH^ The ethereal; -layer ' was dried.,, and' on', 
r©in.OYal'' of the -ether -an" oil remamed -'which, ,on -distillation, gave 
, crude 'I]aollo-«-b'utyl-|^toluid'ine at'250— 260°., and crude di-'^butyl- 
l?-t{fluidine- ; at. , above,. 260°^^^ .. ; b 

-'.'.Fiire .' 'm'oncKi--b'u.tyhp'-toluidine,'''..^,wa.s., ''.bb^^^^ , by .reducing , . itS' 

'nitrosoamin© with zinc dust ' and 'hydrochloidc acid. 'The 'b crude 
pr«>duct (20 grams) was dissolved in a -.-solution of 40 c,c. 'of-,,'Gon--'„ 
centrated hydrochloric acid in 1(K) e.c. of water, and then cooled 
' " p -2.''" b-„ 
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ill ice. A sliglit excess of concentrated sodiion nitrite sointioii 
was added to tlie cold mixture, when tlie nitrosoamiiie was formed, 
'wliiclx was removed by extraction with The ethereal 

extract was washed wdtli alkali hydroxide and dried over potassium 
carbonate. The |>tolyl-? 2 -biityIiiitrosoaiame (20 grams), freed from 
ether, was mixed with concentrated hydrochloric acid (90 , grams), 
and zinc dust gradually added in small amoimts until an 'eT^cess 
was ' present, the mixture being then heated on the water-batii for 
a short time. Excess of zinc dust was removed from the mixture 
by filtration, the zinc being washed several times with small 
amoimts of absolute alcohol. The filtrate was acidified with hydro- 
chloric acid and the alcohol removed by distillation. • 
toluidine was obtained from the acid residue by adding excess of 
sodium hydroxide solution, followed by ether, extraction or, steam 
distillation. The amine obtained in this manner usually contained 
a small quantity of substances which on distillation "gave, free: 
ammonia. Traces of hydrazine might ' be produced during , the 
reductions and would be present in the- am,ine. These .impurities, 
were removed by heating an ethereal solution of the crude K--butyl- 
l?--toluidiiie with yellow mercuric -oxide in the presence of alcohol 
under, reflux. By using .sodium. hyposulphite for the ■, reduction of 
the nitrosoamiiie .in aqueous .sus.p.ension or in aqiieoiis-alcoholic .solii-- 
tion, the 'greater .part, of the nitrosoamine was recovered unchaagecl. " 

The effect of heating the nitrosoamine with an, excess' ' of .an 
#-butyhalcoholic ' solution of- hydrogen chloride wa-s .also ' investi- 
gated-, , On gently warming, a vigorous - action , ensued* ■ oxides ,o,f 
nitrogen „'being evolved., . Heating, on the water-bath for., 8i.x hours 
completed .the.' reaction, : Alcohol and water were -distilled off, , and, 
on 'keeping, 'the .'hydrochloride, of -the' „see 0 nd-arj .-amine „e'rystallised. 
out. , 'This ■ .w,a'S ,'puri',fi6d:'' either 'by ,. boiiin.g /with animal ,charcx>al 
"followed." by ■ r'ecrystalIis-a,ti.on,-. with, water, or .by .co.ii verting it into, 
'the. free ..ba-se. and passing dry hydrogen. ; chloride -into - the benzene ' 
soliitioHj when, - on cooling, crystals ■ of ' 'Iiffdm- 

..'-cAlorfcle,. separated. , ', These .'.were coll^'fced- and, iveli ' washed with 
: smAll'',' .amounts of.. cx>ld ."benzene/, when the-' hydrochloride -wa-s 
,. obtained -'as a .white' pow'der,'.’ .-which ,' c-rystallised -: from . alcohol i'li 
- "coloarkssj.-.long, transparent,n:eedies.''-',or.. flattened prisms '.nieiting at 
',',15,0— 151-®.-:, .By -slow, evaporation-' -the .a,lcohol, crystals up- to 
;-5. ,cm.',., iu'deng'th' were- 'oblamed 

0T988 gave at 17®'and' 759 'imn* - '''N=::7'-21.*.'' " ' 

0*1116 „ 0*0804 AgCl, 01 = 17*82. 

CijHj7N,H01 requires H = 7''02; 01=17*76 per cent, 

* ’ The nitrogoa in every eetima&a was meaeiired over 40 per oent. potaarinm 
kyifcoxide solutioiL jPw^ures corrected f(^ vapour tenMcwi we redoitiei* 
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Til© iiydmcMoride is readily soluble in alcobol, water, or cMoro- 
form, less readily so in warm benzene or amyl acetate, sparingly so 
in cold benzene, and insoluble in ether or light petroleum. 

ii-Mid‘i^l-'p-tohddine, obtained from the hydrochloride by the 
action, of alkali . hydroxide and extraction in the ordinary way, is 
an almost colourless oil boiling at 264 — 265^/766 mm. and miscible 
with most organic solvents. It distils in a ciirrent' of steam : 

0*1036 gave 0*3062 COo and 0*0998 HoO. C = S0'60; H = 10”70. 

0*1043 ,, 7*95 c.c. No at 20*5® and 751 mm. N = 8'76. 

C 21 H 17 N requires C==80*91; H = 10*50; N = 8*5S per cent. 

A hot alcoholic solution of w-butyi-p-toluidine, when treated 
with an excess of an alcoholic solution of- oxalic acid, gave a pre- 
cipitate of the sparingly soluble n-hutyl-^-toliiidine omalate, ' It 
crystallises from - hot alcohol in white, . shining plates melting at 
185®: ,• 

■ 0*1870 gave 0*0410 CaO. ■ C 2 H.?P 4 ='35*20. 

C 2 iH 27 N,C 2 H 204 requires C 2 H 204 = 35*55 per cent. 

. ,ThLB' picrate w^as' obtained as';a viscous, red -oil which did mot 
readily solidify. 

• Aceto-n'hu^fl^pdohiid^^ — The- acetyl derivative was . prep'ared 
by 'mixing the amine (7 grams) with three times its weight of acetic 
anhydride in the presence' of a. sm-all quantity of' zinc chloride., - 
The mixture at first became ve-ry warm, and after the first -reaction 
had'' subsided, the solution was heated on a sand-bath for half' an 
hour to 'complete .the acetylation.. .' On ‘pouring into water, and 
extracting with ether, ; the- a-cc%{ ' compound., separated fro,m' the 
ethereal solution as. a very ' pale yellow.^, ref r active '^oib which dis- 
rilM,at;294----295®/769:mm.:. 

-.-/ 0*.20'0'0 gav-e; 12*35 'c.c.,:N 2 at 19*3® 'and..T54 mm.,,; N,=- 7*16. ■ '■ 

. .CigHj^ON requires N ==-'6 *83 ..per .cent. : 

, 5c'n-^o-n-5'M--%%-5fo7iri<if^^c.~T'he ■ henzopl derivative,- 'prepare-d 
by the Schotten-Baumann" reaction,' is a-' very Viscous, p'alo' yellow 
oil, distilling apparently unchanged at a temperature above ',380® 
-under -' ,tb©..ordinary' pres-sure;. . 

0*3011 gave 12*90 c.c. N^ at 18 * 8 ® and 746 mm, N = 4‘92, 
GigHgjON requires N=5‘24 per cent. 

The crude nitrosoamine, prepared 
as above, was well washed first with 'dilute hydrochloric acid, then 
with scwiium hydroxide solution, and finally with water. Distilla- 
tion in' a current of stom gave '.the hitrosoamine as a pale yellow 
oil having a slight wJ tinge : 
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0“1829 gave 23*7 c.c, No^at 18° and 735 mm. 14*70. 

CjjHigOKo requires N = 14*58 per cent. 

Tile compound is practically insoluble in wataij but soluble in 
most organic solvents. Tt is denser tban water, readily volatile in 
a current of steam^ and gives Liebermann'b nitroso-reaction. By 
the action of an alcoholic solution of hydrogen chloride or by the 
action of sulphuric acid on its ethereal solution^ no formation ' o^f 
nitrosoalkyltoluidine was observed. 

By reducing the nitrosoamine in the cold with zinc dust and 
acetic acid, a mixture of bases was obtained containing some hydr- 
azine derivative. Although us-p-tolyl-n-biitylhydrazine has not 
been isolated, there is evidence that it is produced by the action 
of cold hydrochloric or acetic acid and zinc dust on p^tolyl-w^-butyl- 
nitrosoaiiiine. The amines are - separated as hydrochlorides, and 
any ii-butyl*p-toluidine hydrochloride produced is precipitated "by 
cold benzene, in which it is only sparingly soluble; the dark solu- 
tion, after removing the benzene, has reducing properties. ■ By 
boiling under reflux an alcoholic or ethereal-alcoholic solution , of 
the amine with mercuric oxide, metallic mercury is obtained. An 
aqueous ' solution of the hydrochloride reduces Fehling’s ' solution 
slowly on boiling. If „ the amine is distilled under the.' ordinary 
pressure, ammonia is liberated, ■ and the distillate darkens very 
rapidly in the air. These properties are in accordance with the 
assumption that a inonoalkylhydrazine is present. 

Di-jx-huiyl-^toluidine . 

.. From the fraction of . the oil, boiling, at above 260°, obtained by 
the action of «.-butyI chloride on ■ ^toluidine, by repeated' frac- 
tional 'distillation, .a pale yellow,' refractive '.liquid, identified ns 
the dialkylamine, 'was obtained which boiled.. at 282™— 284°/ 764; mni. 
It was also obta'.ined' pure from the crude mixture of "mono- 'and 
di-»~b.utyl-p-toluidin© by '-'the following procedure, . The mix.ed. 
a!fcylamin^\ were dissolved in ' excess' ■ of dilute hydrochloric acid 
and, treated with nitrous 'acid.;. ■ The nitrosoamine of the secondary 
base..' separated as' an. oil,, and, was removed by .ether. The 'residue, 
'.after .'being:, heated ior half '.a'n hour, on, the .water-bath 'and then' 
rendered, alkaline,' gave'''^i-n-hn^y^-p-^olirid^fng. .It, ha.s.oiily,,'a faint '' 
"Odour. On expos.ii,r'e„'io light '■ and^ nir, the. practically, .colourless 
'Oil ' slowly turnB,'te'"a.' 'claret or: dark, .red colour : , , 

0*0596 gave 0*1799 CO'i>':''.and''0.‘Q618,^H,O. . ■ 0=^^ 

0“1940 „ 11*15 c.c. Na at 22*1° and 751 mm. ISF = 6'57. 

requires 0=82*12; 11*49; N = 6*39 per cent. 

is soluble in the common organic solvents, 
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inciiidiiig acetic ■ acid^ and also in concentrated liydrocHoric acid. 
When a solution of the base in an excess of dilute liydrocHoric 
acid was treated with an aqueous solution of potassium ferro- 
cyanide^ a white precipitate of the ferrocyanide w- as obtained : 

0-1000 gave 0-0174 Fe^O^. Fe=12*6. 

C|5H25N,H4Fe(CN)e requires Fe=12‘8 per cent. 

It is a white powder, practically insoluble in water, ether/ or 
alcohol. On exposure to air and light, the top layer very slowly 
turns green. 

The ]n crate was obtained by shaking the crude amine with ' an 
excess of aqueous picric acid solution. It crystallises from a mix- 
ture of ether and light petroleum in pale, yellowr, rectaiigular 
crystals melting at 109 — 110®: 

'0*0706 gave 8'1 c.c. No at 26^ and 745*8 mm., N = 12*85. 
Cj^HosNjCgHgOyNg requires N = 12*50 per cent. 

T'itratimt^ with Titanmts Chloride, — 0*0104 required 17*3 c.c. 
TiCi^ (1 c.c. =0*001351 gram Fe). Calculated as 
Ci 5H25N,C0N3O7N3.==1OO''2 per cent. 

' It is, soluble in alcohol or, acetone, moderately so- in ether, ' and 
very sparingly so in light petroleum. 

n-Butyl’-o-tdluidine. 

By the action of 7?/-butyI, chloride on o-toluidine in the ■ manner 
described in the ca'se of p-toluidine, n-hutyho-toluidme: was pre- 
pared. By , fractionating the oil. obtained after removing most of 
the . o-toluidine , as' the ■ sparingly-., soluble zincichloride/ «'-butyI-o- 
.'toluidine .was, isolated.' as a colourless oil boiling at 258 — 260®/. 
771 mm. ' 

. It is similar, in general properties ..'to, the: fi-butyl-p-toluidiiie, 
has a faint, pleasant, odour,' and is lighter 'than water: 

' , 0*13'60 gave 9'8:5 'c.c. N2 at 21® and 754*2 mm. N,=8*35. 

As there was .no Iractiom 'boiling, 'above -260®, it would appear 
tli,at ', ,di-a-butyl-o-toluidine ; is not ',' formed ' under ' these conditions,. 
' and, accordingly ' ,'^butyl-o-toluidine ,■ was. . heated on a ■ sand-b'atli 
' under, 'reiux with' a",largeAxcess-.',of-'.n-butyl chloride, for ten 'days. 
Even, after this period, it ' was--, 'not -possible to isolate' .any di-#-butyl- 
o-toliiidine, the product being.; for the most' part .unchanged mono- 
M'“butyl--o4oluidine. 

The in.oiioaIkyI compou'nd.,'-.giveB. an-''-',.alm€)st, -coiourless':-:,,,:i 2 €c%/l deriv- 
ative, which is an oil: 
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0-2044 .save 12-1 cx. at 23° and 749*3 hue. 1^ = 6*73. 

CjgHigOK requires N = 6*83 per oeat. 

By the action of sodium nitrite solution on , n~hui?jl~o-toIuidme 
dissolved in hydrocMoric acid, was 

obtained as a yellow oil, wMch is volatile in a current of steam and 
lias a cliaracteristic odour: 

0‘i0S8 gave 13*0 c.c. N .2 at 2P and 753*8 nun. 1^ = 14*42. 

CijHigONg requires IS! = 14*58 per cent. 

B~Aitrow-ix-bui^I-(ytoliiMiine Hydrochl&Tide , — By the action of 
alcoholic hydrogen chloride on the nitrosoamine in ethereal solu- 
tion, the hydrochloride of the iiitroso-derivative ' was obtained in 
good yield as a pale, greenish-yellow powder. On heating, it 
decomposed with a feeble explosion, at 136°, darkening at a few 
degrees below that temperature : 

,0*1274 gave. 0*081.5, AgCL a=i5‘82.- • 

CijHigONajHGi requires 01 = 15*51 per cent. 

. The h^drmhloride .is readily soluble in water, giving, an intense. 
yelioW', solution. It is also readily' soluble in alcohol and practic-, 
ally insoluble in ether. ,, . The ■ addition- 'of a dilute solution, of 
aniinonia to,, an aqueous solution, of the hydrochloride, resulted in' 
the precipitatio'ii of 5-mirQso-n-buti/l^o-tdtd Extraction with' 

ether' and' removal of the solvent .'furnished the, base as a green oil, 
,W'hich ' quickly , solidified , to a . blue, crystalline compound. From a' 
mixture of .ether and light petroleum, -it crystallised in masses, -of 
dee.p blue needles melting, at 50°:.- 

0*1448 ..gave 18*8„c.c.' ISF^ .at.25° .and 7-49. *4 mm, . N=- 14*67. ■ 

' requires ISF = 14’68 per cent,. 

,i,t, is ''Soluble in b.enxe-ne, inethy! '.alcohol/ or , a.ce.'t.one,'' moderately 
.so, in carbon disulphide,,. 'sparingly so in, ether, .and,, practically' 
ins^iuble' in light petrcdeum. ■ 

.'v ■;G«|rfhM-orfde;.---.Tli'e , , .nitroso-bas© 

(.2*5' mois...).,,,, '.dissolved, in a small amount of hot methyl. alcohol/ was 
added to a hot aqueous methyl-alcoholic solution of cupric chloride 
(1 moL). The mixture, on keeping overnight, deposited dark 
green crystals of the cupricMoride : 

0*1673 gave 0*0837 AgCL 01=13*2. 

(f^iiHj60Ng)2,ChiCl2, require 01 = 13*5 per cent. 

The nitroso-wmpound was decompmed by alkali hydroxide as 
follows. It was added to an exc^ of 10 per cent, sodium hydr- 
oxide solution, and steam passed into" the solution. The colour 
rapidly becMiie reddish-brown, and at the same time ammoniacal 
vapours were evolved, which' wem"abwbed in hydrochloric add., 
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(20 per cent.). After the steani had passed in for abo-ut ten 
minutes, the residue in the flask was ill teredo the filtrate sliglitlj 
acidified with dilute sulphuric acid, and finally extracted with 
ether. From the ethereal solution, crystals were obtained wMcli 
melted at 132—133^. 

The compound had properties similar to those ol o-iiitroso^-o- 
cresoij and the hydrochloric acid solution w*as shown to contain 
«-biityiamine. This decomposition confirmed the constitution of 
the nitroso-compound. 

Action of n-But'^l Alcohol on Fnmary Arylamme Salts. 

Pure p-toliiidine hydrochloride (10 grams) "was heated in a 'sealed 
tube with w-butyl alcohol (7*5 grams) at an initial temperature of 
gradually rising to 260^. '''The heating was stopped after’ 
seven to eight hours. On. slowly cooling the tube, its contents 
partly solidified. In addition to the crystals, a dark brown, viscid 
liquid was' present, and also a gas, which 'had an odour resembling 
that of butylene, burning with a smoky flame. On rendeiing 'the 
contents of the tube alkaline, ' an ammoniacal odour was perceived. 
0.n extraction with ether followed. by distillation, the main, frac- 
tions boiled .between 220-® and 300^, a- residue .being left in "the 
flask. From the fraction boiling at 220—230°, a sm,all anioimt of 
a substance was obtained of characteristic odour, which ■ was in- 
soluble in ' dilute hydrochloric acid solution and appeared to ' be 
resinifi,ed by concentrated hydrochloric, .acid.' ' 

,' 'The fraction boiling at ' 255—270° 'contained' a: " considera.bl'e 
.amount of, a .primary amine, with ■only .. a small qii.aBtity,':of ■ a 
,. secondary amine.' It was ■ evident, .that the: production, of f 2 .-biityl- 
jfi-toi'iiidine, . had not. been realised,, but that ' a . more complicated 
rea.ction had occurred* . The ' evidence ".points to the ' production ,. .of ', 
■ an aminobutyltoluene, .and in^ order to stu.dy ;this type of ' reaction., 
the p-'toluidine was substituted by" aniline. , 

Aniline hydrochloride (I . mol.) .....was.’ . .heated at' 240—260° ' in.: ' a 
sealed tube with w.-butyl. .alcohol. --(I'S . mois-.)'' , for' seven: '.to .'.eight 
hours. On opening thenold- tube, ...'there .was .a. slight .pressure of 
gas,,.va.nd' .■ the, contents., , of ' the '■ tube.:,.had.''. partly : crysta,llised. : The 
product was rendered alkaline and distilled. A fraction boiling 
at 255 — 265° was obtained^ which was characterised by yielding 
an insoluble rndyhatt^ from which was prepared a primary amine 
boiling at 258 — 260°/ 750 mm. 11 b properties indicate that it is 
an amifw'hutyl'btmene: 

0^0746 gave 6*20 c.c. at 20’2°''and 740*9 mm. ' H«9“45. 

QjqH|§N r^uir^ per cent. , ,, , 
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It is a pale yellow oil wMcli slowly becomes red., It is practic- 
ally iiisoiubie ill water, and gives uo cliaracteristic colours 
bleacbiiig powder solution or with chromic acid. It can Be 
diazotised^, and the resulting diazoniiim salt combines with alkaii.iie 
iSmaphtliol to yield a red a 2 :o-com].)oundj which dissolves in con-, 
centrated sulphuric acid ivith a purple-red colour. This primary 
amine is being further studied. 

Combmatimi of Mono-n-hutyl-’^-toliiidme with Diasotised 
Sulfhmiilic A cid, 

Siilphanilic acid (2’o grams) was diazotised, and' the solution 
slowly added to a solution containing a similar weight of mono-;/?- 
butyl-p-toluidine in 30 grams of glacial acetic acid. ' The mixture 
rapidly became blood-red, but, after eight hours' shaking and then 
allowing the solution to remain for forty-eight hours, it was very 
dark ill colour, whilst dark brown needles had separated. These 
were collected, and as they were very soft and viscid, they were kept 
for a few days in a vacuum desiccator over potassium hydroxide, 
when, they were obtained as a hard, red mass of crystals. After 
being washed with water, in which- they are only sparingly soluble, 
they were xecrystallise-d from, 'aqueous alcohol, and obtained ■' in' 
large, red, crystalline plates. 

From the free acid, the p&tamum salt was prepared by adding 
a solution of ■ potassium . hydroxide -(slightly more than 1 ,inoL) in 
methyl alcohol to a concentrated solution' of the acid in absolute.* 
methyl alcohol. The potassium 'salt was precipitated as a bright 
red powder soluble in water, but sparing!}^ so in absolute methyl, 
alcohol: 

■ 0*1794, gave 0*0408 -K 2 ,SG 4 . - K-=10*2. 

-C 1 -H 2 QO 3 N 3 SK .■ requires , -.El = 10*1 per ■ cent. . , 

The reduction of, the crude- potassium salt by means of sodiiini,, 
■hyposulphite in warm' aqueous solution gave, on 'inaki,ng alkali,Ke 
with' s.odiiiin hydroxi-de, a,n.. oily layer, -which ^ became- dark bin© -oir 
keeping. The.'''prcH:lu,ct contained-, a ■seconda.ry. amine, ' as shown by 
the- actioii of - nitron, s ' acid, which gave ■|?-to!yhE-b'iitylnitrO'Soain,iiie. 
-I-nv- addition, 'a. , 'diamine w.as .-present, - probably an. .amino- w.-b.utyl-|;" 
toluidine, wM-ch .was read,ily -o-xidised-.- to' a biu©' eompound, -', ■ .The 
formation' of the above 'two reduction products indicates that the 
product of combination contains the aizo- and the diazoamiiio- 
compounds. 

The pure diasoamim-com'^undi ■ was obtained by allowing the 
diazotis^ solution of sulphanili-C' acid to combine with the amine 
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in alcolioiic solution under tlie following conditions. 
toluidine (4*5 grams) 'was dissolved in alcohol (250 c.c.) and trea.tec! 
witli a diazotised solution of sulphanilic acid (5 grams). The soiu- 
tion was shaken, and as the combination proceeded the colour 
.changed to red. The addition of saturated sodium acetate solu- 
tion, followed by removal of the alcohol on the water-bath, gave 
yellow crusts of the sodium salt of 4r-methyl~l^~n-huiyldiazoamino- 
hemene-i:^-mlphonic add in a crude form mixed with sodium 
acetate. The purified compound is sparingly soluble in concen- 
trated sodium acetate solution, but soluble in water. The free 
diazoam,ino-compound was prepared by treating the aqueous solu- 
'tion of the sodium salt with a slight excess of dilute sulphuric acid 
(1 mol.) in the presence of an excess of ether, when the pale red, 
free acid was dissolved by the ethereal layer. Treatment of an 
absolute alcoholic solution of the acid with a slight excess of 
alcoholic potassium hydroxide gave a pale red precipitate of' the 
'potmsium salt: 

0*0775 gave 0*0180 K= 10 ‘ 4 .' 

CJ7H20O3N3SK requires K = 10*l per cent. 

Reduction' of the potassium salt in alkaline solution by nieans 
of' hyposulphite gave a secondary ■ amine which was isolated in the 
form of its hydroehloride. The amine was identified as '«'-biityl- 
l?-toluidine. 

' [Becewed M'ovember 1918 .] 


hXXJ.lX..---The Part. IL ■ Nitration 

\ of Mono- and Di-n-M 

' By : 'J oseph 'Rkillv and W'ilfk.ei> John. Hiosikbottom, - 

The 'authors'' have', made' a study 'of. the' ' products; of nitration of' 
')mono- '■and ',;di-»-b'u'tyl-|^to^ which "bases are described 'in "the' 

: prec^eding, paper. ,In "the pr^ence-pf an, excess 'of sulphu,rie',"acad'', 
and/ the',, .theoretical 'amount of '■', nitric, acid ' f or ' the introdu,cti'On,': of 
oiie'',,nitro'group, the production of (I) 
proceeded, ^ smoothly, the, pure .'compound being' readily obtained 
from'' the. recrystallised hydrochloride' or /sulphat©’. . A 'm,ore readily 
soluble portion, after precipitating' the- greater, part of the 2-nitro- 
eompound as the hydrochloride, cont'ai,n^ small amounts of 
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W]aen;acet 0 -w.-biityl-|?-t©luidid^^ (III)' was nitrated in acetic, acid 
solution "by means of fuming; nitric' acid^ a nitroacetyl compoimd 
was, obtained, differing from . that produced by tlie action of acetic' 
anhydride on, ' the ■2-nitro-deri¥atiye. . Hydrolysis by means , of. 
■sulphurie acid' (60 per cent.) yielded 
(IV); wMcb. gaye a .soluble -sulphate and 'hydrochloride., . 

' By the action of nitric acid 'on a s'olution of the amine in glacial 
acetic ' acidj,'.' the chief - product was 3 

.(V)j , which' is an orange- red, crystalline, solid' iiielting; at 53 — 54^. 
'tinder 'rn'Ore vigorous conditions, a pale yellow compound' was 
forni^,'',,id:6iitical with that obtained, by 'the action, of .nitrons 'acid 
oii'.the' dmitro-deriyatiya, .and was consequently the nitrosoamine,' 
'which, by .further action of 'nitric - ''acid, was "Converted , into , the 
'.corresponding iiitroanaina. .' W]W''''2--iiitro-it-butyhf-toiiiidi,iie was' 
nitrated, either, by fiiin,mg, nitric, acid or by 'a mixture of sulphuric 
and" nitrie- acids, a (II) was pro* 

'dti'ced,' 'the''-„nifero-gtoupS' being ''probably ^ in' . the '2,t S':'5'-positioiis,..'. - 
', : ' 'Th'O' 'nitration -of -di-'K'-hutyl-i^t'Olnidin© ' in ' sulphuric" acid - by means 
of the theoretical amount of nitric acid yielded o Jem- 
f-toiHiiim (VI), and nitric acid in glacial . acetic acid gave the 
same .nitecHCAmin© as was obtained from the monoalkyltoliiidine 
under similar conditions, UBmdy, 'Zt^-d4mtr(h]}4o^^l^u-butflmtroBo- 
umine, , ■ ' 
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It WAS considered tliat an examination of tli© products of nitra- 
tion of 'W-bntyl-j^-toluidine would 'throw . some: liglit on tlie 
jnecliaiiisiii of nitration. With a small amount of nitric acid,, a 
dinitro-, and a nioiionitro-compound were, obtained on the other 
'with an excess .of nitric acid, varying am.ouiits of dimtro-;p- 
tolyl-«-biityiiiitroamine .and nitivosoamine , .were .produced, "th©' 
airiount .of the . iiitroamine increasing 'with' the temperature.. .If' 
the. '' ■iiitr'ation ' proceeded ' with, the inte^rmediate pi' 0 (.iuct .of.- iii.trO'- 
amines,, -. some - . mononitro-p-tolyl.-?f-butylnitroarnin6 ' should ' be 
obtained,' as. compounds of. this' type ' are relatively ...stable .toward'S' 
.'iiitidc aeM''''(Tiiiiiow, i897,^30^^ 

. .Wh,en |>tolyl-'«--.biityInitrosoamiiie” was '"nitrated - by 'a - s'olution 'Of 
nitric "aeid in ac-etic' 'acid, or -.by- .means. 'of eoiicentrated:' .nitric. 'acid, 
(liij,,i'trO"p-tolyh/i-biitylnitrQsoamin.e. .-was' the.' .usual ' product,- the 
c.orres-pondiiig iiitroaniine only being 'produced. , by the ■.furth.er Action 
of' iiitric 'acid,.' The reverse action, namely.,, .the .foinnation ,. of the 
. ii-itr o-soa.min.6 . from the nitroamine, ' , can .also ; - . bo, brought ' ' about . ' 
The- production. . of the .dinitroa.mine has; ..not been. 'Observed,,. ;.wMist 
. 'the ■' ■ .am ouiit of' ■ diiiitro.nitroa,mi.ne . .■ formed' wa'S ■ small ■.. and ' -depended 
.',01.. '-'.'the teinp-erature . at - which the ■.nitration - .W-as'; 'darried , out,, the 
anioimt increasing with the temperature. The results obtained by 
nitrating f^-butyl-j^toluidine, and, aJ$o,|i-tolyl-72-butylnitr03oamme, 
under cliferent conditions would appear to be most readily ex- 
plained.; by.. assu.m.ing:'\'tliot 'the-' n|troti.On''- proceeds directly 'without", 
the iiiterinediat© fonnation of a nitroamine. 
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E X P E E I E X T A I.. 

2 -jVitro-n - h - tolu idine . 

A solution of 'ya-butyi-z^-tohiidine (10 grams) in concentrated 
siiipliiiric acid (40 grams) was cooled to —5®, and tlie calculated 
aiiioiiiit of nitric acid (D 1-42:1 mol.) dissolved in three times its 
weight of concentrated siilpliiiric acid was added, the temperature 
being kept below 10°. The product was' allowed to remain for 
some tiiiie, and then poured on ice, when the sulphate of the 
iiioiionitro-derivative separated as a yellow, crystalline solid. This 
was collected, dried, dissolved in: water, and the solution neutralised 
with sodium hydroxide or ammonia solution, when 2-mtro-ri-hutijh 
p^idmdine separated as a red oiL It was purified hy preparing 
the sulphate and regenerating the base as described above : 

0*1328 gave 15*10 c.c. at 16‘6° and 756*0 mm. ISf = 13*33.' 

requires N = 13*46 per cent. 

This iiitro-compoiiiid is soluble in most, ol the organic solvents. 
It is characterised by the ease with which, it forms, welhdefiiied salts 
sparingly soluble in excess of the ' free acid used to* precipitate 
them. "■ The was, obtained 'pure' hy reerystallising* the ■crude 

sulphate from hot absolute- alcohol and washing w:ith a mixture , of" 
alcohol , and ether.. It forms- white, shining .plates darkening,, at 
147— 149°^and' melting at 15.2°: 

' 0*l,212,gave 9*6' c.c. IST^ at 18*P audT52 mm. N=9'I9. ", 
Gj|H|fP 2 N 2 ,H 2 S 04 requires -hr = 9*15 per .cent. ■ 

■ The sulphate, is-,, easily hydrolysed by water ;; it is soluble i,i,i 
absolute '.alcohol or glacial acetic, acid, but sp,ariiigly so in .moder- 
ately '. concentrated ' siilp,huric- acid. ■ -The ,fi,l,trate,',froin' the - crude 
sulphate „ still contained an appreciable amount of the nitro-com- 
pound, ■ wMch was , obtai,ned. -as -the free; .'base by .rendering : the solu- 
tion- altalina and extracting.', with- -ether,,., - The- 
..prepared ".by treating , the purifi.ed ■ nitro-compound, with- an excess' 
-of,'- concentrated- -hydrochloric -'acid..- ' The , -precipitate .was collected, 
.and.: -'dried. -in a vacuum desiccator over ' potassium 'hyd.rO'Xide,„ when 
the --salt' was , obtained as ' a white, ' .crystalline , comp-oiin-d -..which . was 
readiiy.'^hydrolysed .by w-ater. The. 'hydrochloride wa,s .purified, „.i-or-. 

, 'ana,lysi.s, , by - erystallisalion -- from ''absolute alcohol : 

''0*0738 gave 0*0438 AgCl.'' €1 = 14*68,.-'..- .. ') 

GjiH^gO^N^jHCl require €i=,14-*'-50*per -'cent. 

The hydmhromide was prepared by adding .aq.iieous hydrobromic 
acid to the base, when it was obtain^ as a crystalline precipitate. 
This salt is more readily soluble than the eorrespondiiig hydro- 
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eliloride, and is readily hydrolysed by water. It crystallises from 
alcohol ill white, sMning plat-es. 

was prepared by warming 
2-iiitro-«-biityI-_p-toIiiidine with an excess' of acetic anliydricle in 
the presence of a very small quantity of concentrated sulphuric 
acid or of fused zinc chloride. It was obtained as a yellow oil, 
which solidified to a mass of pale yeliow' needles melting at 48- — 49^ : 

0*1032 gave 9*9 c.c. No at 25^ and 748*3 mm. N = 10*82- 
Ci 3 H' 3 g 03 N 2 requires N = 11*20 per cent. 

2~37i?ro-p-;f f?? e . 

T'wo grams of 2-iiitro-nhiityI-p-toliiidine sulphate- were triturated 
With 10 c.c. o-f glacial acetic acid, the solution was then diluted by 
the addition of crushed ice, and a slight excess of the calculated 
ainoimt of sodium nitrite solution gradually added. The mixture 
was poured into, an excess of water, followed by extraction with 
ether, After washing .the ethereal solution with sodium hydroxide 
solution' and drying, the nitrosoamine was obtained as a pale .yellow 
oil: , 

0*1028 gave 15" 65 c..e, N^' at 19*2^ and 759, iiuii. ' N = 17‘77, ' . 

' . requires 'N"— 17*72 per cent.' , 

is soluble in most orga'iiic 
solvents, sparingly so in light ' petroleum, and,' insoluble in 'water. 
Ifcgives.Liebermanii’snitroso-reaction.,'' 

Z-Nih'0-n-huf2il-]yiolmd^^ 

^ , This ' compound could not he conveniently, .prepared by. direct 
nitration, co'nsequently. it was- -obtained ',hy the , hydrolysis, of the 
corresponding. ■ 3-nitroaceto-7z-butyl-j?-tolmdide. - The , latter .■ com- 
,po'U.Bd. was prepared by the .following method.. To a", solution; of 
' aceto-n-butyl-i^toliiLdide (4 'grams.)', dissolved ,i.n six times .its ' weight ' 
.of .glacial acetic .acid, nitric-' acid. (D. 1*5:30 grams) was added 
-slowly,' the temperature . being, kept',. below;'., 20'“^.' After'the .mixture 
had ' reiaa.in6ci for some daysy,'it-" wa.s'" poured, into a 'mixture of ice 
and '■w.ateFj and the . free - acid neutralised, with.. sodium .'carbonate 
^solution, .' A. brownish'-yello'W'.., oil '.',w'a.s;,... ■.obtained,.' 'which, solidified 
'after: remaining for' 'a.' . few hours '-in''- ''-the -.ice-chest. After being 

crystallised several f rom' a.qu'^us. alcohol, it separated in .p'.ale 
yellow, square crystals melting at 68® : 

0*0786 ''.-.gave 7*46 c.c;;,N2:;'at^;194®'.,'and.,',75-0^- 

^isHigOgNg,'.-, required; ': 1 1 *20: ''' per '- ''-'centv 
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Titratiofi with Titano-us Chloride, — 0'0096 required 9“5 c.c. TiQg 
(1 c.c. = 0*001351 gram Fe). Calculated as C?|sH|sOg]N '2 = 99”S per 
cent?. 

is ¥ery readily soluble in etlijl 
acetate or benzene, moderately so in ether or alcohol, but practically 
insoluble in light petroleim or %vater. ■ ‘ , 

was prepared by gently ■ boiling the 
nitroacetyl compound with twenty-five times its weight of sulphuric 
acid (D 1*47). .The colour became deeper, and finally, after about 
thirty minutes*’ heating, it was almost black. After remaining 
overnight, the iiitro-derivative was obtained by neutralising with 
sodium carbonate solution and extraction with ether, when it was 
left as a ' red oil on removing the solvent : 

, 0'T568 gave 18*25 c.c.'Hn at 20^ and 749 mm. N = 13*37. 

CjiHjgOQMg requires ]Sr = 13*46 per cent. 

' .Tiimtion. 'mill 0*02429 requires 20’0., c.c.: 

TiGlg (Tc.c. ==0*00196' gram Fe). Calculated , as 100*2 

per'icent.,; 

: .The .substance' is distinguished . from., the correspomling 2-ii,itr.o-' 
coinpouiicb in giving ; a .moi^e readily . soluble sulphate and hydro- 
,, chloride. 

■ Moiu>/^biityl-p4oliiidine ( 5 ' grams)’ was ' dissolved in ten times its' 
weight of glaciaTacetic' acid/ and absolution of nitric acid (D, T5': 
30' grams)'' in 'glacial acetic acid '{10.' grams) added 'slowly. After a: 
few; 'hours, the, mixture was ..poured- on ice, when a red oil separated 
..which, a',fter 'e'Xtracting with . ether and ■■ removal -of the... solvent, '' 
slowly, acidified .in the ice-ehest to- a mass 'Of red needles.- The, 
compound crystallised from methyl alcohol in oraiige-,red needles 
', melting: at '5',3~54^ : , 

0'0713 gave 10*3 c.c, at 20^ and 737 mm. 17—16*32. 

.Ci|Hiij 043 Sr 3 requires'-bl — 16*60 per cent. 

Tiimtioii with Titanems Chloride , — 0*0118 requires 18*3 c.c. 
TiCl^ (1 c.c. « 0-001914 gram Fe). Calculated as 

100 per cent. 

It is insoluble in water^ moderately soluble in light petroleum 
or cold methyl alcdliolj and readily so in acetone, etherj benzene, 
or carbon tetrachloride. 

On warming 3:5-dinitro^?^butyl-p“toiiiidiiie (1 moL) with acetic 
anhydride (2 mols.) and on^'drop erf sulphuric' add, and then 
neiitraHeing with sodium c^ybcmale solution, 
hutfhp-tduiiide was obtained as, a dar|c-coloured oil which ^owly 
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so'licliiied to a dark, crystalline mass. By extraction witli aqueous 
alcohol and repeated crystallisation from a iiiixtiire o-f light 
petroieiini and acetone, it was obtained in ciiisters o^f very pale 
yellow needles melting at bo — 56°: 

0*0704 gave 8'8 c.c. at 25° and 753*4 inin. 14*20, 

. requires N = 14*24 per cent. 

Tifmiioii tmtJi Tiianoas, Chloride. — 0*0109 requires 18*5 c.c. TiCI« 
(1 c.c. = 0*001351 gram Fe). Calculated as 100*8 per 

cent. 

It is readily soluble in the usual solvents, sparingly so- in light 
petroleiiiii, and insoluble in water. The addition of a warm con- 
centrated solution of potassitun hydroxide to an alcoholic solution 
gives a purple coloration at' the Junction of the two liquids. 

^ih-BmUro-'^dolyl-n-htityhiUro^mmh^^ (VIII, p.,987). 

3 : 5“I)initro-»-butyI-p-toluidine . (1 .mol.) was dissolved in ten 
its 'weight of glacial acetic acid, the solution cooled to, 5°, and 
.'a .soliition'. 'pf' nitrous, acid in .acetic acid added. On allowing 'do. 
remain for one hour and pouring-on. ice, the mtrosoamine'se.parated, 
a.s a yellow s.'olid.' It crystallised' ..from, aqueous methyl ', alcohol '.'i'n' 
.pale yellow, plates melting" at 56 — 57 °': . 

.. 0*0708 ■ga'.ve 12*45 c.c. at.25.*6° andV43*4 mm. , N'=19.*67., " 
Cj: 2 Hj 4 p 5 :N 4 requires N = 19*86 per cent. 

The nitroBoamine is insoluble in .water, '.but: readily s.oIuble "iii..most' 
.of, the. 'Common cnrganic .solvents'f'except "light petroleum,. ' in', wdiich 
i,t ,is only ..sparingly soluble. . ■■It": responds, to Liebermaiiti'’s„', test, for 
.'rntrosoaniines. . ,It ,is acted .on. .by alkali hydroxides, a.,:purple colour 
being produced',., which ' .changes to .deep' red,', .'.' Light, 'changes the 
colour ' from, ''yellow to '"'red, ' .This-- .:'nitroS'Oa3aine .'is also ' readily 
obtained .by . the nitration -of ■ ?z-butyl“p^toluidine und,©,r more 
,vig.'Orous ' conditions tha.n .tho.se' required for ''the,:..' prod uctio.ii' of the 
dinitro-compound. ,, : , .The,:, ,, nitration. ■.: ... ’-.of ."',, '..'.''t^-b.utyhp-toliiidine as 
described above furaisb-es the-. n.itrosoami'n©..:, '©ven if '' the mixture is 
allowed to remain for three weeks. During this time the colour 
changes, gradually becoming a darker,', red .after a tew hours, until 
.it is, ... almost .black ; ■■■■after : this --'the'- colour ■^gradually becomteS' ■ ■paler 
again, finally a pal© jyellow. The nitratiop was repeated, using less 
acsetic acid, so that the mixture became warm. In tliis tAse, th© 
change from the dark colour to the pale yellow took place mpMly, 
and, after twdiv© hours, the nitrosoamine was precipitated by pour* 
ing on ice. It -wm also by nitrating p^olyhif-btityh 

iiifecfficmnine ip glacial acoMC'SCid; A solution of the nitrosoamiile 
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(3'3 grains) in glacial acetic acid (20 grains) was ccxjled in a freez- 
ing uiixturej and a solution of nitric acid (I) 1*5:22 grams) in;'"'' 
giacial acetic acid (10 grams) added slowly. The mixture was ■ 
allowed to remain until the dark colour had changed to a pale- 
yellow^ when the product was found to be chiefly 3 :5-£liwitro-p- 

and was very pale yellow. When this',,' 
nitration was repeated^' using a larger amount of nitric acid' and : 
allowing' the inistiire to become hot, the product had a consider- :■ 
ably higher melting point than the iiitrosoamine. Its manner of 
preparation and its reactions show that it is 3 : 5-dinitro-p~to'lyI-»,- ■ , 
butyliiitroamme. 

Under the following conditions,, the compound ' can be produced 
in good yield. ;^j-Tolyi-/z-'bixtyImtrosoamine (10 grams) was dis- 
solved in glacial acetic acid (30. grams), and nitric acid (80 grams),';' 
added slowly with cooling, the' temperature being kept below 30"^. 
When ' the' 'dark red colour of the solution had given place to 
pale yellow, the mixture was warmed to 80 — 90° for an hour, 'On ' 
pouring into 'water, 3 : 5'-dinitro-;p-toiyl~'n-butylnitroamine was .pre-/ ; 
cipitated as a' white solid. , . After ..several crystallisations .ironi 
aqueous alcohol (80 per cent.), it formed faintly yellow needles 
melting at 95°. 

The action of fuming nitric acid on p-tolyl-'n'-butylnitroso-aniine is 
extremely vigorous, but it was found "possible to nitrate this com- 
pound by using a weaker acid at fl.r'st and completing the reaction 
with' the strong acid (B 1*5). . To 11 * 4 ' grams of the nitrosoamine, 
45 grams of nitric acid (B 1 * 4 ) were added gradually' with ■ cooling." 
After the .mixture had remamed for a short time, 60 c.c. , of nitric: 
'acid (B ■ 1 '5) ' Were 'added, .and 'the. 'mixture was then .heated at 
80—100° for , about five .minutes. .On pouring into' water,. 3:5-",' 
dinitro-p-t'Olyi-^x-butylnitroamine '.was .'.obtained as a pale yellow 
soH'i, It' was' purified by extracting .it three times with hot water ';' 
;a,nd, recrystallising from aqueous alcohol (80' per, cent.). '.It 'was' 
:also ..obtained , readily from -'3 :.5-dmitro-j?-telyh?x-butyin'itrosoaiiiine 
" 'by dissoiving the .latter' in nitric. 'acid;-(l)','l,‘5')' and 'allowing the 'Bolu-', 
'.' tion .to' remain, ■ The nitroamin© '.crystallised in ' almost colourless 
,iie©d,les;.', ' After '.."filtering', .through, 'glass' 'wool; .and. washing;,'" with 
water, it was obtained pure by 'one' ;crystaili,sati'On ' from,; methyl 
alcohol: 

0-0694 gave 01130 CO^ and 0'0280 HgO. CJ=:44*40; H:=4*4a 

0*0706 „ 11*8 cm at 25*5° 'and 746*5 mm. N=: 18*78. 

requires C“44-28; H = 4*73; N = 18*79 per cent. « 

', 3 : is readily soluble in most 
' of the common orgaxnc solvents, sparingly so in light petroleum# 
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and almost insoluble in water. On gentty warming with siilplmric 
acid and phenol, as in Lieberrn aim's reaction, a green coloration is 
obtained which changes, on dilution, through a succession of colours 
to reddish-brown. This coloration reverts to green on rendering 
alkaline. An alcoholic solution of potassium hydroxide produces 
a red coloration, which becomes much darker on warniiiig. A 
dilute solution of potassium cyanide when added to a solution of 
the iiitroamine gives no, coloration, but on warming the solution 
becomes brown. 


2:3:5“ ^ ylnitroamine , 

To 2-nitro-n-biitjl-p-tolnidine (4 grams), 45 grams of nitric acid 
('J)' = 1'5) were added slowly so that the 'temperature of the mixture 
was 30: — 60'^. The reaction was completed by heating at 80 — 90'^ 
for a short time. On pouring the mixture on ice, the compound 
separated in a .crystalline' form, and on recrystallisation from 
aqueous alcohol it was, obtained .in white needles”’ melting at 
07 — 88®: 

0*0754 gave 13*4 c.c. ISr.> at 22*5® and 757*3,'mm. ' 57 = 20*46. " h 
requires ]S[ = 20’41 per cent. 

, It ' is ' readily soluble in benzene or chloroform, m,od era tely so .in 
cold methyl alcohol, 'but readily --so inAhe boiling solvent. ^By 
using les'S nitric acid, a product’ was obtained melting at 80®, after 
several crystallisations from aqueous ■ alcohol. ' On crystallisation 
from .nitric acid, the melting point was , raised to 87— 88®, and ,a' 
mixture of, this :compouii.d with' 2:3: 5-trinit^o-7^tolyl.■'?^-butyinitro- 
.' amine also melted at 87—88®.' ■ .The- 'original compound before 
crystallisation "from nitric acid was therefore the. nitrosoamine- , . 

■2 : 3 . : Finely ' powdered 

2-i2itrchtir.butyI-p-toluidi.ne sulphate - (2 grams) -. w-as , gradually' ' added ' 
to' a mixture of nitric acid (B- 1*4 *14 grams) . and concentrated 
sulphuric : acid (33 grams), ■ and'- the. mixture -kept at 'SO— 35®. fox 
two hours.. The reaction, w'as completed. -..by heati.n,g , on the ..water-, 
-.bath for fi've .m.iiiutes. ' On pouring 'the. -mixture, oil' ice, -a. vis-cid,:.' 
sulphur-yellow product was .obt-ai.ned,;,.a'f-ter:.. washing .'with cold-water,' 
.and '. after '''s.6veral ..' crysMhsations '\.from'^ ':. '.aqueous' alcohol '..i,t -was 
obfeined in. very pale yellow '''crystals.. -melting at, 80''5®: 

0*0734 gave 14T c.c.' No-. at '.23® '.-'and. .743*3 'mm., ', 'K.=, 21*67.^ 

...: requii^'.N cent. ' - 
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of Di-ii-h'ift^!-v-tolmdinc, 

was nitrated under conditions similar to 
those used in thO' nitration of Tnoiio-/i.-butyl-|^~toliiiclii:ie, namely, 
using an .excess of ■ nitric acid in glacial acetic acid, and by nitra' 
tion in the presence of an excess of sulpliiiric acid, 

Nitration by iiieaiis of' faiiiiiig nitric add in glacial acetic acid 
proceeded vigorousb;, tlie reaction being eoutroliedrwlieii necessaryy, 
b"y tlie addition of a imt'hex quantity of acetic acid a'lid;, :by eoob 
iiig. The product was isolated in the usual wa}q and, after re- 
crystallis-atioii fro'in ab'soliite metbyl alcoliob ' melted at oT'-i 
Analysis (Found; N = 19*85. Gale.: N = 19'86. per .cent.) showed 
that the conipoiind was 3 : 5~dinitrO'|?-tolyl-fi,-biitylnit.rosoarrii'iie, 
and a'' 'iiiixtiire of this compound obtained '■ from.' 3 :5-•dillitro-/^:.“ 
lll 1 .t■yi“|>t 0 ’iuidine by the action of nitrou's acid with' tlie; above p,ro- 
duct 'also melted at 57°. By .vigorous ''nitration, one of the alkyl, 
.groups 'o4‘ dib'iityl-p^toiuidine is tberefore removed- ■ It was observed 
that after 'the nitration, mixture ■ ■had ..been po-iired , on icC' and then 
allowed to remain for a sh'ort time, there' wras an odour re'se'mbli'iig 
that 'of propionic 'acid or one '".of : the". lower members of the ■fatty 
acid series. 

.Di-B'-bntyl-p-toluidine, (1 ■ mol.) '.dissolved in ■a .la'rge . excess of 
concentrated ■sulphuric acid was. nitrated by. the, additi'Qii ■ of . tho' 
calculated amount, of nitric acid. (!' mol.) also dissolved ■ .in,' concen- 
trated . sulphuric,. acid. ..It .'gave 2“niiro-di-:/'i-butyl--p-toiuidiiie, wliicli 
was .isolated in the, usual manner after ■ pouring, the .mixture , on 
ice and . rendering alkaline: ■ 

■ . 'Q*0^83'6 ■gave,^8*16 e. 0 .. ;'N 2 at 28°-^ 742*3 lf}*8..'L • 

■'^us'Hsi.OgNo^'.reqmres.N — 10^*60 per cent, 
2-Nitrodi-^n-hiiii/I-p~iaImdine, 'which was .obtained' as 'a red 'oil, 
is miscible wdth most of the common.; org'E'nic solvents. It forms 
salts which are hydrolysed by water, 'and l'S characterised by its 
which is obtained as^.. 'a- .'white 'precipitate on adding 
an excess of concentrated hydrochloric ■acid' t.o .an aqueous suspension 
of the base: ' ' " 

0-1247 gave 0‘0610 AgCl. G1=:.I2-11.'„'^ 

requires: ''€U— 11*7.9' per ■ 'cent. 

fitmiioih *mth fitatmm OhloMe. — 0‘'0099 required 8-2 c.c. TiGL 
(I c.c.==^O^0O1351 gram Fe). Calculated foi 
iOO’4 |>e'r cenh 

111 order to determine the position of the iiilro-group, the siib- 
slance was further niiratei. To a, solution of it (I moL) in ten 
tim^ its weight of glacial acetic acid, forty times its weight of 
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'‘**id (D I'o) was added slowly. After the ■ inixiurc liad, 
foiTUiiiiei for two or three Jioiirs, it was heated on the water- Ijatli 
tile evolution of nitrous fumes ecased. On pouring into 
water, a ]>ale yellow oil was obtained, solidifying to a brown mass, 
'which oil crystallisation from alcohol gave abiiost' vdiitc iieeclles 
iiieltiiig* a I SO- (Foiincl : N = 21*S), and a mixture of 'these with the 
prod 'll ct ol>l allied by nitrating 2-nitro-/i-biityl-j,;-toluidi'ije inelted at 
the same temperature. It vras therefore 2 : 3 : 3-t^illitro■-/.^t■oIyl--n- 
butyIllit^osoal'^:ii^'le (Calc.: K — 21*41 per cent.). If tlie. iiitro-groui) 
in the original coiiipoiiiid were in position 3, then a diiiitroinono" 
]')iity'l-/etoly'! de'rivative might be expected. O'li the other 
2-i';iitrodiui~l:ji,'ityl~j>toliiidii'ie would be expected l^y vigorous I'litra- 
tion to lose, a butyl group and yield the same product as 2-iiitro- 
liiono-w-butyhp-toluidine. This was actually found to be the case.* 
The evidence, therefore, is in favour of the view that' the nitro- 
group in the moiionitro-com pound obtained by nitrating di-??-biityl- 
j^toiiiidine in sulphuric acid is in the ortho-position with respect 
tx> the methyl group; 

[Eecdvedi Nomnd^er 7ih, 1913.], 


'mU: cxm* 
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Electrieal condactivity, determination 
of (Newbeby), 701 » 
of acids and bases {Ghosh), 790. 
of 'Strong 'electrolytes (Ghosh), 449 , 
..627. 

Electrolytes, ■ strong, .electrical con- 
ductivity, of (Ghosh), ' 449, 627. 
osmotle pressure and eouilibrium of 
(G'HOSh), 707. 

Eleni 0 iit.s, atomic and molecular rrambers 
of (Allek), SS9, 

MoEmetiuo, C 2 »H 4 o 04 N 2 L .' 

EmuMons, u'ater-in-oil (SchlaEpfeb),, 
522. , . . . 

EgmHbriimi. .'Constants, calculation of.:.| 
(Lewis), 471. 

Ergotinine, ' 

Irgotoxine-, CgiH^iOgX.B,. , 

Flame, propagation of, in mixtures. ,of 
metliane and air (MASOH'and Wheel- 
er), 45; (Payman '.and' , W heeler), 
656; (Whebleb), 840. ' 


0. ( 

Gases, eleotrio discbarge tbrongb 
(Wbwht), 79. 

ignition 0 ! mixtures of (Masok and 
Wheeler), 45 ; (Patmak and 
Wheblbr), 056 ; (Whbblee), 
840. 


H. 

Hugo Muller Lecture (Miers), S63. 
Hydrocarbons, gaseous, electric riiscliarge 
through (Weight), 79. 
a-Hydroxy-acidSj inflaence of inorganic 
haloids on the rotatory power o'f 
(CLorGH), 526. 

Hydrozylamine compounds with plati- 
num salts (Tschhga.et and Tscheek- 

; jaey), 884. 

I. 

I Ignition of mixtures of methane and air 
I (Masok and Wheeler), 45; (Pay- 
! MAN and Wheeler), ; (Wheel- 

ee), 840. 

■Iminohydrins, eousfcitiitioii of (B,ule), 3 . 
Ipecacuanha alkaloids (.Pyman), 222 . ' 
Isomeris.B 2 , position, and optical activity 
I (Cohen and dm Pennington),'. 57..' 


■, L. 

Lacto'se, 

lead ■ sub-bromide and siib-cliloridc’ 

(Denham), 249. . 

Lectures, delivered before ' the 'Clieuiical 
..Society (Miers),' 36 'S;' ' (B,iiown), 

659. : . ■ 

Liquids, ■ ternary mix'ed, 'Solubilit}' 'In 

■■ '(Holmes), 20|* 

, M. 

Melibiose, 

Mercury salts, compounds of / ammonia 
. with (Holmes), 74. 

Metallic cyanates, , hydrolysis , of (W Eii- 
ner),'8.4. " , 

■ Methylolcarbamide, O'aHgO^Na.-. 
Minemlogy, oM -and ' new : (Mibrk),'' 
■'■■'S0S., " ■ 

Molecukr numlteM (Allbn), ' 30.9.. 
Morindone, .Ci.5'Hi0Os* ^ ' 

Morphine, 

1. 

o-Haphtholphthalcin., CagBigOi, 

. Harcotine, CS2HS.SO7X.' 

Hitrogen, active {STEtTTT),'.200'.' ' 


Obituary notices ■ 

. Clayton Beadle, SO'S. 

■ ■ Arthur Joseph 'Brearley, 300* 
Bertram" Haward' Buttle, :."80O;. 



INDEX OF SUBJECTS. 


1003 


Olsitiiary notices ; — ■ 

Norman Plnllips Campbell. 302., 
Alexander Macomb Cliance, SOT. 

Jolifi JoseiJi Eastick, 309. 

.Edward William Laiicliester Foxell, 

303. ' 

.Erriesfc George Hill, 310. 

George 'Thomas Holloway, SIS. 

Maurice Kemp- Welch, SOS. 

Herliert King, S04. 

Edmund Albert Letts, 314. 

Peter Mae Ewan, 316. 

Liidvrig Moiid, 318. 

Benjamin .Horatio Paul, 334. 

Leonard Ison Pitt, 305. 

Eiifiis Daniel Piillarj 336. 

William James Bussell, 339, 

Francis Su,tto,ii, 350. 

William Henry Symons, 354, 

Arthur Edwin Tate, 306. 

Tlioinas Tyrer, 355. 

Kfiginald Cowdeli Woodco'Ck, 358. 
Philip John Worsley, 360. 

Oils, drying (Mouiiell), 111. 

Optical activity and position isomerism 
(COHlX-and D,E, PENjN'iKGTO.N), 57. 
inversion, .Walden’s (Setter and 
' Tucker), 140 ; (Senter, ..Drew, 
aml'MA'RTiN), 151; (Clough), 526. 
Op tically-actiYO eompoimds, - rotatory 
. power' and cliemical , constitution of 
(CLorGH), 526. , 

Organic eompoimds, association of, in 
benzene and alcohol solution (Ikkes), 
410., 

Osmotic ' pressura ' of salt* solutions' 
(Ghosh), 707. . ■ 

isoOxadiazoles ' and . their ... oxides, -nitro-' 
'derivatives of (Gseej^ .and Eow^b), 67. 
'a-Oximmo-aci'ds, dissociationconstants of 
(PliCKs), 554., ' 

■ I 

; Phenyls.uccinic acid series { Wren), 210' ■ 

„ , (Wrek' and Williasis)', 832. ' , 
'Phototropy and therm otropy (Sekier 
' . " and ' Gallagher), '28. ' 

, PipeiylhydrajsoMs (Weikhagen), ,5'85. I 
.'.''flatiaiim " coinpo.imds , ' with, hydroxyl- 
" ' ' 'amiBC'CTsoHiTG AST an.d Tsgherxj aev), ■ ’ 
'^84.'/", ■ ■ 

' Potassium ' ' 'cohalt carhonate ( Aeple,bby ■ 
'"."and; Lahs), ,;612.',' '' 

'Pyx'M'Ol.dtrivatives^ synthesis of (Chat-' 

' ", ' TEiui ■ .and GaosHh 444. ' 


, , , EP. 

Sotatory power and chemical constitn- 
tion of optically active compounds 
(Clough), 526. 


Salt solutions, osmotic pressure of 

(GHop), 707- 

Salts, electrical conductivity of aqueous 
solutions of (Ghosh), 44^1 

■Sanderswood, colouring matters of 
(O’Neill and Peukix),, 125. 

' Santal, CjgHj^^s- 

R. and i<?o-Saiitaliii,, Ga^rL^Og. 

Santalone, O25H24.O.. * , 

Santol, CigtlioOe. 

Silver nitrate, action of sodium carbonate 
with, in solid form (Paeke.r), 402. 

Soap solutions, hydrolysis of (McBaih' 
and Bolam), 825. 

Sodium carbonate, action of barium 
sulphate ■ with, in .solid form 
(Parker),' 397. 

action of cuprous chloride with, in 
solid form, ('Pa,eker}, 405. 
action of silver nitrate with, in 
solid form (Parker), 402, 
cobalt and copper carbonates (Apple- 
BEY and Lake), 610. 
nitrate, use of, in the roanufacture of 
ammonium sulphate (Dawson), 675. 
sulphate, equilibrium ,of ammonium 
sulphate, water and (Daivson), 675. 

Solids, reactions between (Parker), 396.. 

Solubility .in' ternary mixed, , liquids 
.(Holmes), 2'63. : 

•Solutions, theory of'(Ho,LM:'Es), 263. ' ; 

■ non-aqueous, electrical conductivity 
of (Ghosh), 627. 

., Spinaoene, C2g'H4g. 

S'tanni- and Stanno-cMorides. See' under 
'Tin. . 

T-Sugars, condensation',,, of (Ctj,NNiN'G-, 
ham), 604. 

Sulphur, . molecular ' complexity of 
(Kellas), 903. : , 

■yV,.;.., . ; 

Tetrahydronaphthalene series (Green, 
and ■PfeOWE')," '955. „ 

Thermotropy and .phototropy .(Sinier 
and ''G allagher), ' 28. ,'' ' 

Tin:—" ' 

Staniii-"and s.tanno‘eMorideS', organic, 
■'.■"(Druce)', ,715,,: 

• ^ 

' . Telocity ' ' . ■ ' constants, cal culatimi ' ,. ot 

, '.(Lewis),, '471.: 

w. 

.Walden inversion (Senter and Tucker), 

.. 140 ''P'ISentbe',' Drew, and Martin), 

',' 1-51.;,'(Clo,ugh), 526. 

Wateif-iS'-oil' , mulsions (Schlakpfmi), 
522y';"; 
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The following index of organic cooiponads of known empirical lormiik is arranged 
accoriliiig to Richter’s system (see Lexikon cler Kohlenstoff- VerUndmigm)* 

The elements are given in the order C, H, 0, Gi, Br, 1, f] S, F, and the 
reiiiainder alphaheticaliy. 

The coinpounds are arranged — 

Firstly, in groups according to the number of carbon atoms (thus Cj group, 
Cg group, etc.). 

^Secondly, according to the number of other elements besides carbon contained in, 
the molecule (thus 5 IT indicates that the molecule contains five carbon atoms and 
four other elements). 

■Thirdly, according to the nature of the elements present in, the molecule (given in 
the above order). 

Fonrtlilv, according to the number of atoms of each single element (except carbon) 
present in the molecule. 

Salts are placed with the compounds from which they are derived. The chiorides, 
bromides, iodides, and cyanides of quaternary ammonium basc'S, however, are registered 
,as group-substances.,. 

Cl Group. 

GHi Methane,' Ignition of mixtures of air and, (Mason and '45"; 

'(Wheelee), 8^0. 

■CCI 4 Carbon tetrachloride, action of aniline with (H,A 21 teng)', 16S. 

i II 

■CH 2 O Formaldehyde, action,’ of carbamide and (Dixon), 288. 

CHsI Methyl, iodide, relative activities of ethyl iodide, propyl iodide and, with 
sodium a- and iS-naphthoxides (Cox), 666. ■ ■ , 

GO'Cls Car'honyl ciilo'ride, action of ammonia with (Wern,e:e), 894. ' ■ 

', 1 in ■; 

CHON Cyanic acid, metallic salts, hydrolysis of, €4. 

CH 4 ON 2 , Garhamide, synthesis' of '(W eener and Caefentir), 694; 'mechanism 
' of ' the synthesis of, from urethane (Weefer), 622 decomposition," of, ' 'On 
'',heatiii,g 'with acids' and with alkalis (Weefee), 84 p interaction 'of formaMeliyde 
and (Dixof), 238. , 

Ga Group, 

,C 3 HbI ^ I'tliyl iodide, relative activities of methyl mdide,, propyl iodide and, with 
■, sodium a- and ^-naphthoxides (Cox),, 666. 

Eth'yl alcohol, association 'of organic compounds in solution In (Iffes), 

CgHyN E'thy la',mine, preparatiou of (Weefkb), ,89#^ . 

Ca,E 4 D 3 Ng, '' 0'xainide',..',,',formation ,''' 0 ,f ■urea'"and of biuret', from, (Wesnee mi 
, , Gaefeftee), ,6&4v-, . ' 

■ 'C^HeOlf ', ''Giy e ollamid i n e,'- .salts o,f 

,','CaHfG 8 H 2 ': 'Met'hylo'lcarhamide, -'pteparatiou^of (Di,x,of), 246.' ■ 

' O3 Group, , 

,''CsH,I',,,''''»-,F,ropyl,,:i,odi,de>;'rektive.'acti^^^ 'of methyl iodide, ethyl ,ioiitie'" and, 
with sodium «- and jS-naphthoxidea (Cox), ■ 666. : 

T' S.'III' 

U reth&ae, mpohaEism of the ejnlhesis of area from (Weekbr), 622. 
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4.11-7111 


C 4 Group. 

C 4 H 9 Ci -a-Biityl chloride, action of, witli 0 - and |>-toIiiidiii 6 (Reilly and 
Hickinbottom); 974 , 

C 4 H 11 M Dietliylamine, preparation , of (Wernek), 899; staimodiloride ' of 

(BurcE), 715. 

4 m 

C|HioOtMt A c e t i m i n 0 li y d r i a, preparation of (Eitle)., 1 1 . 

Cs Group. 

CsHiflOsNi Dimetkylolcarbamide, preparation of (Dixon), 247. 

C,HiAN Metkoxyacetiminoetliyi ether (Eule),' 9. 

Ce Group. 

CiHi Benzene, association of organic componnds in solution in (Innes), '410. 

6 II 

CsHeO Phenol, freezing points of mixtures of cresols and (Dawson and Moitnt- 
foed), '92^ ; estimation of, in mixtures with cresok (Dawson and Moitnt- 
' foed), 935. ■ 

CgH-M Anilinej action of carbon tetracliloride with fHAEXiTKG), '163. 

C,HaN, m- and j 3 -Phenylenedianiine, stanni- and stanno-chlorides of (Dry oe), 
716. . 

CsHiqO® ' Dimethyl tartrate, association -of, in benzene (Innes), 433. 
Pormaldehydepiperylhydrazone (Weinhagen), 586. 

6 III 

3:5-Dinitrobenzkooxadiazole..oxide^ (Greek and Rowe), 70..,,", 
GcHkOaNs Methoxyacetiminohydrin (Eijle), 9. 

Or Group. 

CyEgOs Benzoic acid, calcium salt, hydrates and alcoholates of (STAKBRinG'E), 
808. ■ ■ 

, J 3 -, TO-, and '|j-Creso!, freezing. points of mixtures of phenol and (Dawsok 

.and' Moyktfoed), 923 ;• estimation of, in. mixtures with phenol (.Dawsok and' 

, ,Mo0KTrQKD'),,'935.. 

; CyHfM.. . Benzylamine, stanni- and stanno-chloiides' of (Deuce)., TlT.- ' 

Methyl aniline, stanni- and stanno-chlorides of (Deuce), '716,' 

.. o-Tolu idine,'. stanni-. and. stanno-chlorides. of (Deuce),. 716.: 

' and|?-Tol'uidine', 'action, of ?fe-butyl chloride on... {E iilly and' 'H iceinbotxom), 
974. 

C 7 H 14 O® ^-MethyIfructoside,'prepa.ration and'stmctnre of (S'XEKLE), 257., ' " 
',*y..Methylgalacto.side CCukkikg-ham), ''698. ■ ■ 

7 III 

Trinitrognaiacol, and its pyridine salt (Polleco'ff and Eobiksok), 
663* 

Dinitroguaiacols (Poeuecoff and Eobiksok), 649. . 

CjHjDM Foriii«,iiilide, association of, in benzene (Ikkk), 432. . 

CjHgOsS 'Toluene-o- and -j?-sn!phonie acids, analysis of mixtures of (McKie); 
799* 

CjHgOftM* 3:|-Diiiitro-2;6-diaminoanisole (Pollecoff and Eobiksok), 655. 

Phony laminoacetio acidj sto of the product in conTewion of 
phenylbromoacetic acid into (Sekte® and Tuokbe), 146. 

WQ& ' 
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7 lY ^ 

C;H 902 MS To! iien e-o* and -j?-siilpho namides, freezing point eiiiTes of niktiires 
of (McKie), 799. 

Cs Group. 

CsHeOi Tereplitlialie acid, mentliyl alkyl esters of (Cohex and be Pex- 
XIXGTOX), 57. 

C8Ha02 Plienylacetic acid, association of, in benzene (IxxEs), 432. 

CsHgOg Metliyl salicylate, association ofjin benzene (IxxES), 431. 

CgHiiM j?41etliylbeiizylamine, stannocbloride of (Bktjce), '718. ' 

8 III 

CgHsOgN Nitrotereplithalic acid, mentbyl alkyl esters of (Cohkx and 
DE Pexxixgtox), 57. 

CgHe 03 M 4 4-Acetyi-2- and -3-j>pbenylene-l-dia20-4-imides (Moegax and 
Cleage), 591. 

CgH^OsBF Plienylbromoacetic acid, sign of the product in conversion, of, 
into phenylaiiiinoacetic acid (Senter and Tucker), 140. 

CsHtOsN 6“Nitro-2'nietboxybenzoic acid (Simoxsex), 782. 

CsH 70 sM 3 3:5:6-TrinitroveTatrole (Pollecoff and Eobixsox),* 654. 

CgHgOsN® ^-Nitrometbylformanilide (Morgan and G-rist), 690.. 

CgHgOsHa . 5;6-Dinitroguaiacol methyl ether (Pollegoff and EobinsoxI 
651. 

CgH^OIf Acetanilide, association of, ill benzene (IxxEs), 433. ' 
Acetoplienoneoxime, .association of,, in benzene (Inxes), 432. 

GgHaOsH Mandeliminoliydrin (Mackenzie),! : (Rule), 12. 

CsHsOaNa F 0 r 111 y 1 m e t h y I a mi n 0 b e n z e n e* 4- d i a 2 0 b y d r 0 X i d e ' ( Mo R G A X an d 
Grist),' 692,, 

C8Hj>02Br S-Bromoveratrole (SmoxsEX and Eau), 785. 

■CsHAN , 6-Ni trO'O-tolyl methyl ether (Bimonsen), 781. 

CsHioO.Ns y-Arainometliylformanilide (Morgan and Grist), 691, 

CgHioOiNji 5-Nitro<4-aminoveratrole (Simonsen and Rau), 27. , ■ 

8 nr 

C,sjE 50 MsC 1 s 4-AcetyIdichlDrO‘j?-phenylene‘l*diazo4-imides (Morgan and 
Cbbage), 694. 

CgHsOaNCi ' jp'CIilorom,andelamide, and its salts .(Rule), 17. 

GgHioOaNBP , BTomoaminove.r.atroles (Simonsen: and Eau)j: 786. , 

C, Group. 

Cs.H80a Cinnamic .acid, association of, in .benzene' (I nnes), 431. ' 

'G|>HioOa. Ethyl jj-hydnoxybenzoate, associatio.n of, in benzene' (lNNW)r4,34.', ,' 
2-M,'e't'lioxy“«-toInic acid, and-its silver, salt (Simonsen)," 779. ' , 

'■ 9 III 

CgHfOaBF , a-Bromo-iS-phcnylpropioiiie acid,' sign of the , ' prO'dnct ' in , 'Coii* 
ve,rston of, intO' a-ammo-^'-phenylpropionicacid (Sbnter, Drew, "' and Martin),, 

' , ' 151 ..' ' ' , ' ^ 

5-Xitro-2- and -6-metlioxy-ni-tolaaldehydes (Simonssn), 778. 
5-N,it'r'0'-2-"and -'d-methox'y-'m-tolu'ie a,cids,,and their salts (Simon- 
sen), 779. ■' ' 

.C3tlIit0g,Es l-l'itroac6to4-t'Ol.nididej''tnmdrphisin 'Of '(C hat? away), 897.' 

6-Nitro-5-aiia!no-3:4“dimethoxyben2oic acid (Simonsen and 
Eau), 26* 

CsH 2 {} 07 M« 4s6-Binitro4j2:3-trimethoxybenzene (Poleecoff and Eobin* 
son), 656. , ■ 

1<K>B 
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CSH11O2N a-Ariiiiio-jS-plienylpropioniG acid, sign of tlie prodnet ia conver- 
sioB of a-bromo-^-phenylpropionic acid into (Senter, Deew^ and Maetix)^ 
151. 

S-Metiiosy-in-toliialdoxiMe (Simonsex)* 777. 

C9H1AI3. A cetylinetliylaTniiiobenzen e*4'd i a z 0 li j, d r 0 x i d e (Mobg AN' and 
Geist), 692. 

C.;)Hn04N 5-Amiiio-3:4-dimetlioxybenzoie acid, and its salts (Simonsen 
and' Eae), 24. " ' , 

G,H„0l2 f^Aminometliylacetanilide (Morgan and Grist), • 691. 

CsHisOfiNa Xitrosot'riacetonamine, velocity of catalysis of (MgBain ant! 
Bolam), 826. 

9 IV 

CsHioO'iNBr Bromoaminoveratric acids (Sihonsbn and Rat), 7S9. 

Cio Group. 

Ci„H« Hyd roe a rb on, from spinacene and sodium (Chatman), 46-1. 

10 II 

CisHsOa l-Hydriiicione-2'Carboxylic acid (Robinson and Crabtree), 879. 
CmHs'So ^-Xaplitiiyitliiosulphoxylie acid, and its sodium salt (White), 
608. 

CifjHfN jS-Uaplithylamine, sulphonation of (OREEN.and 'V akie), 35. 

C10H10O4 P'benylsuccinic acids, optical activity of, and their esters (When),, 
' 210. 

CioHnCl '.a-Cli!oro-f/;r-tetrahydr onapbthalene .(Green and Rowe),' 971., 
G 10E1SO4 5:6-Dinietlio,xy”0-toIuic acid (Perkin), 762., , 

■CmHisN' dir-TetrahydrO'ffi-naphthylam.ine, preparation and reactions of 
, (Gree'N .and Rowe), 955.- 

Cj^HbN Aminobiitylbenzene (Rex.llv and-HiCK.iNBOTTOM),, 9S3. 

lOIII 

C]oH 40 sM 4 ' .B'initro.naphthiwox-adiaz-ole (Green and Rowe), .72. ■' 
R'itronapbthisooxadiazole- (Green and Rowe), ,72.’; 

CioHsOMa ' .Sodium 'a-naphtboxide,' relative 'activity of alkyl ioMes ''Wit,b,, 'i'n 
,, , methyl a,lcohol (Cox), 821 . ■ ■■’'. 

Sodium, a- 'and ^-naphthoxi'des,- relative activities of alkyl' iod'ides, 'With 
(Cox), 666. ■ 

CioHieOgMa 2:4"Din itro-ar4etrah'ydro-a-n,a.plitliQ!/(G,BEEN and' E ow,e}, '969. 
C3,.HnO,N 2 - and,' 4-Nitro-a-r-te,tTahydro-a-nap,hthol (Green and Rowe), 
... mB. 

C10H11O4M3 ,'2:4-Dlnitro-aT4etra'hydro-.a-n.a.phthylam!ne,, and its potassium 
' salt (CtRE,en ' and Ro'we), 962. '' ' 

GitHiaOtHa ,'4-Kitro‘ar-tetrahyd'ro-a’''naphthylami'n e, audits salts ,(G'RE,en 
and Rot.to), 960. ', 

CiaHisOtN^ Semiearbazon.e.s of ".6-nitro-2' ."and ,,■ -Someth oxy-m-to'lualde- 
hydes (Simon'SEh,),'.'77'8.', ■ 

CisHisO’^S , ar-Tef.Tah.y.d.ro-oi-na.phtlxol-t'SU'lp'honic acid, and "its' ..so'dinm" 
salt (Geeen and Row’s), 967. ■ ”■■■' . 

..GitHiiOsM*' 6-Hitro-4-acetyIanu,novera.trole (SmoNSEN.and Rah),, 27." ■ 
CiisHisOaNa 2"Methoxy-OT4olnaldehyde s©micarb,a',zoiie (Simonsen), 777. 
GiuHijOif Camphoroxime, association of, in benzene (Innes), 432. " ' ' " 

10 IV 

CigHtOAC! l-Chloro-2;4-dinitro-«r-teferabydronaphth&lene (Gs«» and 
Rowe), 972. ■ 
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CitHaOulS 2-Nitro-a-f-tetraliydro*a-naphthol-4-sniplioiiie acid (Oxeest 
and Eowe), 967. 

CioHi 202^^C1 |5-CliloromaiideUiniaohydrin (Rule), 15. 

CioHiaOgNBr BromoacetylaminoYeratroles (Simonsen and Rau), 785, 
790 . 

On Group. 

CiiHihN and. -i?-toluidxnes, and tlieir salfcs (Reilly and Hkkin- 

bottom), 97i 

C1A2O® Tetrametliyl-y-metliylgalactoside (Cunningham), 599. 
Tetrametliyl'^-metliylglncoside, preparation of (Hawoeth and Leitch), 
194» 

ii III 

C11H12O7MS 6“Xitro-5-aeetylamino-3:4-diiEethoxybenzoic acid (Simonsen 
andRAU)j25. 

CuHis04Br 6-Bromo-3:4-dimethoxy-^-plienylpropioiiic, acid (Cez^bteeb 
and Robinson), 871. 

CijHisOgN A cetylamiiio-3;4-dimethoxyben'zoie acids (Simonsen,. and 
, Bau), 25. 

CiiHisOjNs' 2;3;5-Triiiitro|?-toiyl-5i-bntylnit rosoamine ■ (Rb.illy '.and,' 
Hickinbottom), 993. , . 

CiiHigOsNs 2:S;5»Triiiitro-jj-tolyL?t-biitylnitroainine (Reilly and Hickin-; 
bottom), 993. 

C^iiHi 40 sN 4 3:5-Diiiitro-j?-tolyl-)i-butylnitrosoamine (Reilly and HiCKm« 

. bottom), 991. 

CiiHiiOsNi 3:5-Dinitro-j?-tolyl-5i-bntylnitroamine' (Reilly and' Hickin-'.' 

, bottom), 992. 

CiiHjsOsNs 2-Nitro-j?»tolyI-52-but'ylnitrosoaini.iie (Reillt. and Hickin-/ 
bottom), 989. ' 

€iiHi& 0'4N3 3j5-Dinitro-?i-bxityl-p-toiuidine (Reilly and Hickinbottom)," 
, 990. 

€iiHi®OMs ,5-Nitroso-?i-bntyi-o-tolnidine, and its salts (Reilly and Hickin-' 
. bottom), 982. 

0-: and p-ToIyi-?i-bntylnitrosoain'ine (Reilly and HiokinB'Ottom), 979. ',. . 
CiiHiiOxN® Nitro-w-biityl-^-tolnidineSj-aiid tbeir salts (Reilly and Hick.in- 
bottom,), 988.. . 

il I? '■ 

C/aHisOsliBr 'Bromoacetylaminove.r'atric acids, , (Simonsen . and, :Rau),; 

'■ 788.,,, 

Cia Group, 

C-tsHifiM® ,A,znbenzen€, association^of, in benzene and alcohol, (Innes), 430. 

, '.La'Ct'O'S'e .and Melibiose, constitution of (Hawoeth and" Leitch),. 

"m'," "V'. 

, . i2.'iir 

.'C/iAOaH* ' ' Dinitr,onapb,.thfsoos;adla:zole' oxide (Ceein and Eowe),* 71. 
OiaHisOfeMa,' '2:4-D,initro-,af4etrabyd.roac6to-a-naphtbalid,.e ,'(Geee,N'. ^ 'and^' 
Rowe), 961, 

CnEuOA ,.4-N,itro-'<3tr-t'et,rali'ydroaceto-a,*na'|>hthalide (Ceien and EQ'WI)^,',,: 
959. 

' Cotaraine, sodiam salt (Rakshit), 469. 

C|.aHa§CIMt l-Acetyl-ar-tetrahydro-l'A-naphthylenediamine (GsiW and 
Sown), 959. 

jj-H^droxybenzaldehydepiperylbydrazone (Weinhagsn), 686* ■ ,,, 

Salicylaldehydepiperylliydrazone {Weinmagen), 585*/' 
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Ci3 Group. 

CisHioD Benzoplieiione, association of, in benzene (Inj^es), 430 , 

jj-AmiiioacetoplienonepiperylliTdrazone(-|-HgO)(WEiNHiGEN)5 

587 . 

CjaHsiDii Metliyldigalactoside (CuKNmmAM), 602. 

13 III 

CxaHnON F ormyldiplieuylamiiie, association of, in benzene (IssEs), 431. 

C„H„0,N 2:4-DiiivdroxTbenzylideneaniline (Sexiee and Gallagher), 

'' 33. 

CisHjANg Piperonalpiperjlbydrazone (Weinhage^t), 585. 

CisHnO^Wg 3:5'Dinitroaceto-?i-'Wtyl-^;-tolnidide (Reilly and Hickik-* 
bottom), 090. 

CisHigOMs Anisaldebydepiperylliydrazon© (Weikhagen), 586. 

C/isHigOgNs NitToaceto-?t’bntyl-j?-toinidides (Reilly and Hickinbottom), 
9S9. 

Ci®H»ON Aceto-?$-butyl-o- and -j?-tohiidides (Reilly and Hickixbottom), 
979. ' 

13 IV 

CisHujOgNBr 2;4-Biliydrosyben'zylidenebi'omoanilines (Sexier ' and 
Gallagher), 34. 

Ci4 Group. 

CJ24H10 , P.henantlirene, association of, in benzene and alcoliol (Ixxes),,4S1.' 

14 11 

CiiHgOa 3:4-nienantbraqniaone (Barger), 220. 

ChHioOs Benzil, association of, in benzene and aloobol ClNNES), 430. 

S:4-DibjdroY'yplieiiaiitbr'ene.(3?ior^/^o^), synthesis of '(B arger), '218. 

CmHjisN Di-w-bntylaniline, and its salts- (Reilly and Hickinbottom), 99. ' 

CmImN* y-Phenylenedi-ji-btttyldianiine, and its hydrochloride (Reilly and 
Hickinbottom), 107. 

14 111 

C«HuO,N 'y-Benzilm on oxime, association 'of, in benzene (Ixnes), 432. . 

CiiHtaOgM ' 2:4-Dihydroxybenzyiiden-e-m-t-olnidine .(Sexier , and Gal- 
'laghee), 34. ' 

CuHastOH® ■ p-Nitrosodi-ti-butylaniline, and, its salts', (R eilly and Hick ix- 
■bottom), 103. 

C16 Group. 

.CisHjaOs .Mo.rindone, oonstitntion and -reactions of (Simoksex), 766.' 

OisHijjO®- San'tol,(0'’NEiLL s,nd FeR'kin), 'IS?.,- 

CisHisN- Di«?i--bnt'y!“|j-fc"Olnidine, .and its salts '{E eillt .and Hicklnbottosi),.' 
9,80,.. ' 

15 111 

CisHttOiaH* S:5-Dinitro-2-methoxy phenyl-. ' earbon-at-e . '{Pollec-ofe . and 
Robxxsok), 649. 

CisHisOfN* 5-N i t r o-2-m ethoxyphenjl carbonate tPoLLEOOFF ' ' and ■ ' Robix-; 
sox), i'4-8 ,'. - V.. 

CigHiiMCI Cittn amylidenechloroanilines (Senisr and 'Gallaqhee), ,30* " ■ 

CwHialBr Cinnamylidenebroraoanilines (SfiNiBR aa-d'GA,LLAGHEE),, 30, 

. CislI»OaNg 2-Hitrodi-»'*biityl-j^-tolnidin©, and its hydrochloride (Reilly and 
HiCfKIXBOTTOM), 994. 

16 IV 

C»iit*OaNBP Benzoyl deriYatiTes of byomoaniinoYeratroIes (SiMoxSEs* 
tadlAY), 786. 
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Ci6 Group, 

CisHioOs 7'Hydi’oxy-4:3'indeiio-l:2-benzoqiii2ioue (RobixsO'X and Ceab- 
teee)j S79. 

CieHiaOg 'r-Diplienylsiieeinic anhydride, action of alcohols and amines on 
(Wren and Williams), 832. . , ■ ■ 

T-Metlioxyplienylhenzopyrones (Robinson and Turneil), 875. 

CieHi^s isoBrazilein, synthesis of salts of (CiUBTEEE and Robinson), S59. 

, Morindone methyl ether (Simonsen), 773. 

'CisHiaCJs Santal (O’Neill and Rbbkin), 136. 

CisHitOi . Diphenylsnccinic acids, optical activity of, ' and their esters 
(W^EEN), 210. 

CieHisOa 2-Hydroxy4-methoxyphenyl plienylethyl ketone (Crabtree 
and Robinson), 870- 

C10H32O2 Palmitic acid, ceroiis salt (Moeeell), 116. 

C16H34O Hex a dec yl alcohol, association of, in benzene and alcohcd' (Innes) 
431. 

16 111 

Oi^HisOaCl,. 7-M e tli oxy-2-phenyl-l;4-benzopyTanoi anhydrohydroehloride 

; (d'SHaO), (Robinson and Tbbnee), 877. , 

■CiffiHiaOgNa Cinnamylidenenitrotolnidines (SENiiRand Galiaghee}, ' ' 

.. CioHiaOM Ginnamylid€ne-_p-anisidine (Senie.r and GALLAOHEE),’ SI. ' ; h 
'GigHi504Hs' '2:4-Dinitro-«c- ' and 'ffr-tetrahydro-a-naphthylamines (GesiN' 
.And Rowe), 972. , . , 

•GigHisOaNa Phenylacetimiiiohydriii.-(RuLE), 11. 

CisHiaOiHii. M'andeliminohydrin, preparation of (Ritle), 12, 

16 I¥ 

CieHigOaNgS , l-jj'S'iilphohenzeiieazo-E-bntylaniline, sodium .salt (Reilly 
and.HiCEINBOTTOM;, 111,' '' . 

Ci7 Group. 

C17H14O3 3'Aeetyi-2-phenyM:4-benz'opyTanol or 3-B.eii2oyl-2-in e thy. 1-1:4- 
* henzopyranol (-j-HgO),: and its anhydrohydroehloride (CflATTEK.ii . and 

, G,hosh'),‘446.,'. ' . ' ' 

7-Hydroxy-3-ben2yl-2-methyM:4-benzopyrone {C.rabteee and Robin- 
son), 867. 

■ ' 'SalicyIiden,ebe'nzoylacetone .(-flHaO), .and its Anhydrohydroehloride 
(OHATTEE.JI and Ghosh), 447. . 

Snbstanoe, from acetylacetone ■ 'and ■ salicylaldehyde (Ceattibji, and 
Ghosh), .448, 

.C17HMO4 2:4-Dimethoxydibenzo'ylmethan'e (EoBiMON and To.RNiii),..Sl6. 
M'.ethyl hydrogen r-dxphenyls-uccinate, and its.. sodium' salt (WuEN aiic! 

.W1LLIA.MS),' 8377 ■ 

: ' ..Cinnam yiid'eiie.-ji-xylidxne (Siniee and GALLxiaHEi'}, 3'2. .' 

.2;4*'Dihyd,roxyhen2ylidene-^-naphth'ylainiB.e (Senieii and 
'.'Gallaghee), S4. ' 

Ci'tHkDN Giniiainylideno-j?-phen'etidine (Seniee and Gallaghee), 32. 
CivHigOgH Morphine, calcium m]t’{RAH$HiT),, 470.; ■ 

0 sa zone of sugar from, morindin (Simonsin), III- ■ 

Cj7HaOsW 2:4-Dihydroxyhen:2ylide'')i.ecamphylamine (Seniee ' ancl 
Gallagher), 86, 

4-M e t hy i-W-»-b tt ty I di a sso a.mi.n b be n z e n e- Ihsni p h o a: i c ■ 'ae i d, 

.. ....and its .salts (Reilli. and Hiokinbottoh), 984,'.' 
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Cis Group. 

CisHiA 7-Hjdroxy-3-beii2yl*2-iiietliyi-l:4-ben2€}pyroiie' metliyl etlier 
(Crabtree and Robinson), 867. 

CigHjeOj Morindone trimethyl ether (Simonsen), 772. 

CigHisO* Ethyl hydrogen r- and '//le^'iJ-diplienjisuccinates, and' their 
metallic salts (Wren and Williams), S35. 

CisHso'Cls 2 -H y d r 0 X y- 4-in e t h 0 X y p h 8 li y I 3 :4*d i m e t li o x y p li e ii y I e t li y i . k e - 
tone (Crartreb and Robinson), 87 1. : ” 

C1SH24O4 Mentliyl hydrogen terephtlralate (Cohen and db Pennington), 
64. 

CisHsc.Oa Ri n 0 1 e n i c acid, cerous salt (Morrell), 119. 

CigHga^e a- and i8-EIaeostearic acids, cerous and lead salts (Morrell), 117. 

L i n 0 i e i e , a c i d, cerons sal t , (Morrell), 117. 

"CigHstC^a Elaidic acid, cerous salt (Morrell), 117. 

Oleic" acid, and its potassiuni salt, molecular condition of, in, alcoholic solittion 
(Laing), 435 ; cerous salt (Morrell), 117. ■ 

Stearic acid, cerons salt (Morrell), 112. 

18 III 

CisHifiOgNs' lormylniethylaminobeiizene-4*azo-i8-iiaxilithol (Morgan and 
Grist), 692. 

Ciiinaniylidenenitro^-cumidme (Seniee and Gallagher), 32. 
CigH|904N a-Imino-^jS-diphenyldipropionic acid (Senter, Drew, ■ and 
Martin), 161. 

CisHsiOM Benz o-R-h ii t y l-2>t 0 1 iii d i d e (Eeilly and Hickinbottom), ' 9"7 9. ' 
'CigH2i0aN ' Codeine, potassinm and sodium salts of (Kakshit), 466. ' ' 

CigEaaOfiN , Mentliyl, hydrogen nitroterephthalate (Cohen and .'m 
. Pennington), 64. ( 

Ci9 Group. 

'Ci,»Hi 604 7-Acetoxy-3-benzyl-2-methyl-l:4-benzopyTone (Crabtree and 
Robinson), 867., 

C39H2SO4 ' Methyl menthyl terephthalate' (Cohen and de Pennington),'' 

^ 63, 

CisHssOii ,' Hexamethyi methyl! actoside (HAWORTH'and Lsitch),, 195. ' 

19111 

OisHssCeN from ethyl menthyl '.terephthalate (Cohen '. and' b„k 
Penningto,n), ' 66. .' 

C20 Group. 

'CmHi 4'0.4 , 3h4'-Methylenedio„x.y'2-p.hen yh2:S-d.ihydrd4:4"-a-Bapht hapy r- 
"one (Crabtree and Eobinson),. 865. ■■ , 

; .C^aoHMO? . .Diacetylniorin.done m-ethyl ether (Simonsbn), '774.,, : 

C AqOi '■,Be'r'beri,dene (Peekin’), 761..- 

Cjj^H2!)0's ','Ketodihycir,O'berberidene '.(P erkin), ',76"3. '' , 

CsuHtagCj Bthyl menthyl tereph thalat.e .'(Cohin and d'e. Pennington), 63.',::' 
CggH^Oa Abi,etic acid,. 'Ceroas'salt ("Morrell)',,' ' 120.,' 

CgoHssOii Heptamethyl metliy ilacto'S'ide ,(H,AWO'RT'ji',aiid, Deitch), ;195,, 

0 c t a ni 6 1 h y I d i g a 1 a e t os e /(CfoNN IKGH am), , 6'OD ' ■ 

CstsHiaOgN W-Phenox'ya'ce'tylca'T.baZ'Gi'e .(CoHSAsow), 818. ■ ',■ ,, 

Aeetylmetli y lamlno'ben zene-4-az'o-^-iia p h t h'Ol " ,'(Moega,'N "' and.' 
Grist), 694. :. , ■ "',^'(,4 

C^Hx^OsN Oxyberberlne, preparaMon of (Perkin), 7S7. 

•A~ and tso-Ox jepi b e rbe rlneS' ' (Pebkih), 51'8. 
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C.>oHta04N Diliy droanhydro-j'i- and -6^'i-berberiiies, and their salts (Perkin). 
'506, 737. 

C^oHiqOsN ej[?'iBerberine, and its salts (pEPjaN), 492, 

CmHqxOiN Tetraliydroaiihydroe^jiberberine, and its salts PERicral, 510. 
C,oH.,OeN Nitroethyl menthyl terephtlialates (Cohen and de Pen- 
nington), 66 . ' 

20 IV 

C2oHa7C}3NsS 4-p-Sulpliob enzeneazodi-''/i-butylanillne, sodium and potas- 
sium salts (EeiIjLY and Hickinbottom), 109. 

Cai Group. 

CaiHieOa Ace tylmorin done (Simonsen), 770. 

21 III 

C2iHi40aN2 Hydroxymetlioxyphenanthraphenazines (Pollecofp and 
Robinson), 651. 

C21H20O7N2 5:5'-DinitTO“2:2'- and -4:P-diinethoxydi'3-m-inethylsty ry 1 
ketones (Simonsen), 778. 

I52iH2i 04N Anhydromethylberberines, and their salts (Perhin), 746, 756, 
CsiHziOsN 0-Methyl«j:?iberberine (Perkin), 520. 

C21H21O7N Trioxyanhydromethylberberine (Perkin), 747. 

CaiHasOsN Hydro x y iso a n h y dr 0 d 1 h y d r 0 m e t h y lb e r b e r i n e s (Perkin), *752. 
CnHasOgMg Semicarbazone of ketodibydroberberidene (Perkin), 763. 
C21H2BON A^-w-Nonoylcarbazole (Copi.sarow), 818. 

CaiH250 4N Dihydromethylwotetrahydroanhydroberberine, and its salts 
(Perkin),' 759.' 

2MV 

C21H22O4NCI 4''I^I®^^iy^^®^berininm chloride (-PH2O) (Perkin), 750. 
C2 iH 2204NI ^|/-Berberiiiiiim iodide (Perkin), 751. 

C.iiH 2404NI e t h V 1 isot e t r a h y d r 0 a n h y d r 0 b e r b e r i n e h y d r i 0 d i d e ( Per» 

, ' KIN), 748. 

C22 Group. 

CaaHisOa 7-Methoxy-2:4-diphenyl-l:4-ben2opyranol, and its salts (Robin- 
son and Turner), 877. ' ■ 

22 III 

C'aaHieOsN r-Biphenylsuccinanilic acid (Wren and Williams), 837. 
C^aalisaOsN <9-Kthyl«?|?^‘berberine (Pekkin), 621, 

C3SS28O7H Narcotine, potassium and sodium salts (Rakshit), 467, 

Diliydrodimethylwotetrahydroanhydroberberine, and its 
salts (Perkin), 760.' 

C22HS1O6N Nitrobutyl menthyl tereplithalates (GoHKN and x»E pEN- 
::,,.,;Vnington),.'::66. 

Css Group. 

G«H„0,K Biphenylsuccino-^-tolil (Wren and Williams), 839. 
teHaiOsN and r-Biphehylsnccino-p-toluidic acid, and the silver salt 

of the latter (Wren and Williams), 838. 

CasHasOaNg Phenylhydrazone of stib s t a n c © (Chatter.ti and 

Ghosh), 449. ■ ' 

€23H2s 05N Anliydroepfberberineacetone (Perkin), 521. 

GagHasOgN A c e t o X y zsc a n h y d r 0 d i h y d r 0 m e t h y 1 b © r b e r i n e s (Perkin ), 7 54« 

0,4. Group. 

C24H20M2 Dicinnamyiidene-jp-phenylenediamine (Sbniee and Gal- 
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C21H82O5 Sub stance, from acetylacetone and salicylaldeliyde (Chatter Ji and 
Ghosh), 449. 

C24H24O7 Deoxy-?i- and -iw-s a ntal in (O’Neill and Perkin), 130, 133. 
n- and w-Santalin (O'Neill and Perkin), 127, 131. 
cydoliQXjl niciitliyl tereplitlialate (Cohen and be Pennincton), 

m. 

24 III 

Methyl r-diphenylsuccino-;;-tohudate (Wren and Williams), 

839. 

CgAaONs 4-Di'?i-bntylaminoben2eneazo-/8-nax>htliol (Peilly and Hiokin- 
bottom), 108. 

C25 Group, 

CjbHsjO? s antalone (O’Neill and Perkin), 138 , 

C25H44O21 Metliyltetragalactosido and Methyltetragliicoside (OiTN^ 
ningham), 606. 

25 HI 

C25HieON2 iV^Garbonylcarbazole (COPLSAROW), 819. 

C28 Group. 

G26H22N3 Dicinnamylidene-o-naplitliylenediamine (Senier and Gal- 
lagher), 33. 

C2eH4o04 Octyl m on thy 1 tereplitlialate (Cohen and BE Pennington), 63., 

26 in 

W-Oxalylcarbazole (CopiSAROw), 819. 

Oa, Group. 

C27H20O3 Substance (d- ^20), from benzoyl acetone and salicylaldohyde (Ghat- 
TERJi and Ghosh), 446. W 

C28 Group. 

CesHuOi 0-N a phtbo I plithalein, preparation of (Werner), 20. 

CgsHisOfi Piperonylidene derivative of 3':4'-inethyleiiediosy-2-phenyl- 
2-.3-diliydr(>l:4”a‘naphthapyronQ (Crabtree and Robinson), 865. 

OM' Totraphenylpyrrole, synthesis of (G. M. and R.. Eobinson), 639. 

M e n t li y 1 t e r e p h t h a 1 a t e (Cohen and be Penn in gton) , 64. 

28 III 

CosHsoOH W-Palmityloarbazole (Copisarow), 819. 

C,sH«0.N Mentbyl nitroferephtbalate (Cohen. and be. Pennington), 64. 

C29 Group. 

C2fiH48 Spinaoene, analysis and reactions of, and its liexahydro-bromide and 
-chloride" (C:n.APMA,.N), 458.. ■ 

29 m ■ . ■ ■ ■ 

C„H.„0,N2 iso K m 0 1 i n e ( -|- HgO), ■ and its. salts . (pyM.AN), 226. 

C30 Group. 

CaoH2.iN2 Dicinnamylidenebenzidine (Seniee and Gallagher), 33. 

'SO-III 

CS0H42O1N2:''. W^Methylisoemetine {Pyhan)^ 

Caa Group. 

-■'CaaHsoOis "Ae'etyl-n- and -w-santalin (O’Neill and P.eei,in) 112B.. ■ ' 

032lis20u ■ Acetyldeoxy*''?^*' and -W'-sant.ali 11 '(O’Neill and , P erkin .) j' '.130,'. 134*.'.,'; 

' T: 0 l 3 . '.. S:,s ; 
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32 HI 

iy'-Methylisycmetinemethine, and its salts (Pyman), 229 . 

32 IV 

C.^2H4a04N2Cl2 iV-Metliyleraetine methochlorides (Pyman), 233 . 
CaaH^sO^Nala iV'-Methyl-u- and -iso-emetine metliiodides (Pyman), 233 . 

G35 Group. 

C35H39O5NS Ergotiniiie, supposed formation of ergotoxiue ethyl ester from 
(Baegbe and Ewixs), 235 . 

€35H4i 06N5 ErgotoxinCj fonaation of the phosphate of, from ergotiiiine 
(Bakgee and Ewins), 235 . 

C36 Group. 

CsflHasOa Benzoylmorindone (Simonsen), 771 . 

CsT Group. 

C37Hs40gi Methyltrimaltoside (d- HgO) (OuNNmaHAM), 607 „ 


EEBATA. 


Yol. CXI, (Teans., 1917). 

•Line 

15* /or “ water ” “oxygen.” 

15* ,, ‘‘sodium hypochlorite” read “potassium permanganate.”^, 

Yol. CXIII. (Trans., 1918). 

19 ,, “OisHisOsN/' “ GJiflHTiJiOaNa.” 

3* ,, i-’M-i\‘hulylamim(izohen%e%fiA*-sidp^ aewZ ” read “4:-p- 
sulphobenzemazodi-m-hutylmiilme,” 

1 ,, *H^n~hdy7amimazobenzme'A^'-$idphonic acid’" read i-p^mlplio- 

benze7ieazO'n~buii^la7iilme*^* 

16* ,, “Ce,(e4gH3x0,,0)/ “Ce(CiA^ 

4 ,, “ (Average temperature)” rcrrci “(Room temperature).” 

4 „ “‘f SO'e®” read 

^ T6ci>d O^Q^iiOjv 


* From bottom. 


Page 
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PEOOEEDINGS 


OF THE 

CHEMICAL SOCIETY. 


Ordinary Scientific Meeting., Thursday, January ITtli, 1918, at 
8 p.m.,. Professor W. J. Pope, C.B.E., F.R.S., President, in the 
Chair. 

The Pbesident referred' to the loss sustained by the Society, 
through death, of the following Fellows: 

Elected. Died. 

Glmiies Bradshaw .... June 21st, 1888 July 3rd/ 1917 

Eeginald C. Woodcock Dec. 7th, 1871. Jaii. Stb, 1918 

' Messrs, H. J. Cunningham, W. A. DicMe, F. Bridge,, and O.' A. 
L© Beau were formally admitted Fellows of the Society. 

Certificates were read for the first time in favour of : 

Ernest Atkinson, 5, Bank Boad, Workington, 

Albert' Leslie Bloomfie'ld,- B.A., Bose Cottage,. Epping New Eoad, , Buck- 
' ''hurst "Hill. ■ ■ 

Joseph, . William Christelow, B.Sc., Highcliff View', 'Gnisborougli. ■ 

,„' Tho,mas Gi,fi‘ord ElUo.t, Hillcote,. , Park Edge,. Hathersage, Sheffield, 

Frederick Page .Evans, ' B. 8c., 8, Vicara.ge-Boad, .'Friiidsbury, 'Bocliester. ' 
Cecil Stevenson Garnett; 12^, Cross Street/ Chesterfield. 

Frederick '.Horace Garner, M.Sc., .172,.., St.- Paurs'.Eoad,': Bal.sall.. Heath, 
Birmingham. , 

Ikaiicis:' Clint Guthrie, B.A., The .Eoscoie, Heswall, Cheshire, 

Alan. Haythonithwaite, B.Sc., ■'79,,,-C'lapham.:' Common, West Side, ,S.W,4, 

/ " Willianv. Earl Hughes,' B.A..,, 6, Goleherne.TeiTace.,. EarFs: Court," S.W.5. ' 

Herbert "Spencer Kipling, .W'est. End. ■ lIou.se, "Victoria .Road, Stechford, 
Birming.Iiam,'„ , ' .. 

> 'Francis C'harleS'," Lewis, B,.Sc.;" N.'W.ch'Y-dQ.ii, Elkingtoii'" Road,': Bun'y Fort, 
Carm..,' : . . ■ ', ' 

William Jackson Lund, M.Sc., **Penryn/’ Temple Road, Stowmarket. 
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Arcliibald Bruce Macalliim, 243, College Street, Toronto. 

AHrecl Bertram Mann, 85, Laburnum Avenue, Garden Village, Hull 
Tudor Wiliams Price, B*A., M.Sc., “'Gowanlea,” Caledonia Eioad, Saltcoats. 
Robert Bay, B.Sc., Eastriggs, Dumfriesshire. 

Ferdinand Pi.oques, 36, Rue Ste. Croix de la Bretoniierie, Paris. 

Alfred Uliicli Max Schlaepfer, 12 Arlington Gardens, Chiswick. 

William Leoiiard Scotcher, Eastriggs, Dumfriesshire. 

Harold Pethick Shilston, 49, Radnor Drive, Wallasey, Cheshire. 

George Taylor, 32, Sotheby Road, Highbury, N.5. 

Jolin Trotter, M.A., D.8c., c/o Mactaggart, 12, Meadow Place, Edinburgh. 
Arthur William Willis, 30, Manor Road, Stechford, Birmingham. 

Charles Edmund Wood, M.Sc., 83, Kingswood Road, Moseley, Birmingham. 


ORDINARY SCIENTIFIC MEETING, 

The next Ordinary Scientific Meeting will be held on Thursday, 
February 7thj 1918^ at 8 p.m. 


LECTURE. 

At' the Ordinary Scientihc , Meeting on February, 2 let, at S'|>.:m,, 
Professor the lion. R. Jl Strutt, M.A., Sc.D., F.R.B., will deliver 
a Lecture entitled '''-Recent- 'Studies on Active Nitrogen.’'^ A 
ballot for the election of Fellows will also be held on this day.;- 


CERTIFICATES OF- CANDIDATES FOR ELECTION AT 
- 'THE. BALLOT TO . BE -HELD. AT THE ■ ORDINARY 
' MEETING ON ' TII'ITRSD AY, FEBR^^^ 21st, '■ 1918/ - 

N.B.>~Wrhe nanies of those- who- sign from, General -Knowledge''”, 
are, printed ill italics,' 

.Atkinson/ , Ek, NEST, , A. M.L.E., F.R.M.S.,- M.I. & S.Inst.,, 5, Ba,nk/Roa(,I, 
Workington. .Engineer a„iid , Metallurgist. .Educated in ..Analytical Chemistry 
under' Mr. Geo. Valentine, Chief Research Chemist, Workington Iron 'and Steel 
Co.,. Ltd.'; Iron and, steel expert f,o'r the. Tas'inaniaii, Government,, Highland 
'■Railway Go., etc. (Signed hg) Q. vS. Blake, G. H. Rld'sdale, Weldon' Hanson, 
iV, JK ' Mdsdalrej J. E. Stead, //♦ FranJdmul, Ermat W'.: Jfmkaon, --. 

.B-aebbr, . Ghablus ,„ FnEDEa'iCK "Lbe),,.',12,-- Queen's , Terrace,. ' Otley, ' "Vorks, 
Leather' -: Works ... "Manager. -Diploma-. .■in-;--.Leather, 'Manufacture / and,-- .'Le'athe'i* 
Trades Chemistry, Leeds.- Uni v©r,8ity-;;.;.t'W'o.'-'y ears'- e-xperience as Leather Wo'rks' 
.-Chemist, later' appointed .-Manager -coauthor, of -tw-q- p.apers published in the 
Jo-iir'nai'-,,,'''of-'-- -the.: .''Society of„ . Leather Trades/' ..C'heni to for October, 1917. 
'{Sig'md by) Heruy R. Procter, J, B. Cohen, H. M, Dawson, ,G* H. J. Adiam, 
Frank N*- Harrap. .- 
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Bloomfield, Albeet Leslie, Rose Cottage, Epping New Road, Bucklmrst 
Hill Essex. Chemist. Graduate of Oxford University, 2nd Class Honours 
Chemistiy; (late Open Scholar of New College, Oxford) ; Chemist to Messrs. 
A. Boake, Roberts and Co., Ltd., Carpenter’s Road, Stratford, E. {Siiined by) 
j ' E. Marsh, N. V. Sidgwick, Thos. H. Durrans, Alexander Hynd, G. E. 
demo, 

BoomMAK, John, Oak Villas, Wliitley Bridge, S.O., Yorks. Oliemist and 
Works Manager. Studied Chemistry under the late J. Croysdale^ Esq,, 
F.C.S. ; also had a course under J. S. Remington, Esq., Aynsome, Lanca- 
shire; have had twenty years’ experience of laboratory work; at present 
and for the last fifteen years have been in charge of the sulplinric acid and 
fertiliser plants at Messrs. J. Croysdale and Sons, Ltd., Whitley Bridge. 
{Sifjmd hy) John Stewart Remington, C. Smith, Fred Taylor, J. H. Garner, 
Arthur S» Bob bison, 

Ghbistelow, Joseph William, Highcliff View, Giiisborougli, Yorks. Cap- 
tain, Royal Engineers, formerly Research Student in Chemistry at University 
College, Reading. B.Sc. London, 2nd Class Honours in Chemistry; one year’s 
research experience as above ; Associate of the Institute of Chemistry of Great 
Britain and Ireland. {Sir/md by) Henry Bassett, jun., xlrtliur E. Everest, 
J. W. Dodgson, J. P. Batey, J. ArcJiyll Jones, 

CoAKiLH, Edgar Alfbed, 206, Green Street, Brimsdown, Middlesex. Ana- 
Ivtical Chemist. Scholarship holder at 'Finsbury Technical College; passed 
three-year coui'Se in organic and inorganic ; awarded certificate on leaving ; 
assistant chemist in laboratories of three l^ortland cement Works, analytical 
work covering cement, clay, sand, fuels, general stores, etc.; shift (works) 
chemist at lead works; charge of operations in manufacture of lead coni- 
}>oands, e.(f. carbonate, oxide, silicate, nitrate, thiosulphate, etc. ; now at 
Royal Small Arms Factory, analysis of iron and steel, also copper, zinc, 
lead, tin and nickel alloys, general stores, etc. {Sbjned by) John D. Speed, 
xVrthur J. Hale, G. T. Morgan, Percy Edgerton, Thomas A, Ileriry, 

Cooper, Ran some Wallace, Chiltern Place, Beaconsfield, Analytical 
Chemist and Paint Mamifacturer. Honours Prizeman and Medallist, City 
and Guilds Examination, “Technology of Painters’ Oils, Colours, and Var- 
nishes”; Chemistry : Science and Art Depailmeiit, Honours, Part I. ; Inor- 
ganic : Prac, and Theo. ; Organic : Pi*ac. and Theo. Advanced ; Lecturer on 
leadless paints,, (Signed by) U. G.' Adair Roberts, A, Boake, Isaac S., Scarf," 

A. J. de, Hailes, ■ W. ■G. Aston, B. U. Menzks. 

Thomas, A.M.S.E,, A.M.C.I..- M.J.I.E., ' M.I.C.T., Member 
Soc, Chemical Ind, Gas' Assoc. ■ Gas ■■Engineer and .Chemist, 13, Clifton 
■Road, 'Beviz'es Road, Salisbury. - Assistant Controller, Trench Warfare .'Depofc.- 
Chemist: and' Engineer. Articled to ' N. H. Humphrys, Esq., F.C.S., etc., 
Salisbury, to learn, profession of 'Gas .Engineer and^ Chemist; .after serviiig , 'five- 
years -wa-s appointed Works' Chemist to' the: 'Salisbury- .Gas, Co.-, from 1^3 
"to 1916. ■ In February, 1916, I was ap-poi'rited- ■ by the , M-iaiKstry - of Munitions 
io',, fill the ' p-os-i of -Analytical , Chemist Tor .'the- .T.W. " Bepartment. --.'.I- 
,s:p-'eeialised, in poison ,ga.s. -and the destruction 'of ■ these 'gases. ,1,, did , '.much, re- ■' 
search -work, .for Mr, H'umphrys in' comiecti on .with oil-ref ractoiy miaterials. : 
J.,ar----aud, .-,,produ.C'ts, ■china clay, ■T.,.N.T,,; pe'trol.in gas, .and- o-il. gas, etc., '.'etc. 
City "'and Guilds 'of' London ;Institu.te-l’e-chnolog'i.st .oe'r'tificate's, viz., (Ist Class 
Final,Ho'nom*s)',;.',(2— 1st. --Cta^ ■(l'---^2nd- -Class)." by) N. H. 

Humphiys, ..Thos. Yyrer, -J.: P., ,..-Long.8tafi,.V/'-.H...;Cfmmhq<'/v-.F)i-i% CJ Q, Moon, 

B. Lessing:'' , 

, Dre-’W'j . HABR.y , Duoald ICE.rrH,.. .94,,- Cambridge'.Street,' -Warwick'-- Square, 
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S,W. Civil Bei’Vciut., at- present serving with Boyal Naval Air Service. 
B.Sc. (Loiidoii) 5 1st Dn. in Chemistry, Physics, and Applied Mathematics; 
Student in Chemistry of .Birkbeck College, London; part author of papers 
in the Journal of the Society, Trans. 107 (1915)^ 26; 107 (1915), 628; 109 
(1916), 1091. {Signed by) George S-enter, F. Barrow, G, H. Martin, Geoffrey, 
Martin, G. W. Clough. 

Eastick, John Glare Newlands, 137 Upper Clapton Pioad, London, E.5. 
Passed through tliree years' Chemical Course at Finsbury Technical College; 
studied under the late Mr. B. E. R. Newlauds, F.I.C., and the late Mr. 
J. J. Eastick, F.I.C., A.R.S.M. 'Partner in J. J. Eastick and Sons, Con- 
sulting and Analytical Chemists; Captain in charge of Irish Command Anti- 
Gas School. (Signed by) Chas. E. Eastick, Fred C. Eastick, L. J. de 
Whalley, Charles J. Keane, Ern.. IF. Harvey. 

Edwards, Frederick William, 283, Frieni Road, Duhvich, S.E.22. 
Analytical Chemist. Studied Chemistry and Physics in the laboratories at 
Charing Cross Hospital Medical School, 1904-1907. Assistant to P. A. Ellis 
Richards, Esq., F.I.C. ; Public Analyst for the City of Westminster and the 
Borough of Hammersmith, 1907 to present time, being engaged in the 
examination of food, drugs, ivater, etc., and in toxicological and pathological 
analyse.s. [Signed by) P. A. Ellis Richards, Cecil H. Cribb, E, Richards 
Bolton, Hugh C. H, Candy, Cecil Revis. 

Elliot, Thos. Gifford, Hilicote, Park Edge, Hathersage,, via Sheffield. 
Metallurgical Chemist. Fellow of Institute of Chemistry ; Chief Chemist 
and Metallographist of Hadfield’s, Ltd., Hecla Works, Sheffield. Author 
of paper on “The Volumetric Estimation of Sulphur in Iron and Steel," 
given to Iron and Steel Institute, May, 1911. (Signed 5;?/) R. A. Hadfield, 
John Evans, Jas, T. Stevenson, W. P. Wynne, Frederick J. Merriis, : V 

Emerson, Frederigk William, 179, Burton Road, West Didsbury, Man- 
chester. Research Chemist in Intermediates and Dyestuffs. After a three 
years’ course in Bleaching, Dyeing, and Printing, I became an Associate of 
the School of Technology, Manchester. From there I took up a position as 
Research Chemist at Messrs., Claus and Co., Ltd., Aniline Dye Manufacturers,, 
with whom I have now been for twm and a half years. (Signed hy) 
Robt. D, Abell, 'Frank Brinsley,- F. -W, Atack, W. D. -Rogers, Raymond E. 

' Growther. - 

Evans, Febderick' Page, 8, Vicarage Road, Frindsbury, Rochester, Kent. 
Cliemifit' with M',essr8-. Curtis's' and Harvey, Ltd, Student at ITnivei'sity' 
College, London, for three years, 1911-14. Graduated in 1914. B.Sc. Honours 
in -Chemistry '(2^1 Glass). Since- ■ then two 'years at the Explosive , Works,' 
of Messrs, Curtis’s and- Harvey, Ltd., as Chemist in Laboratories' and' 
on Uinicotton Plant. (Sirpml by) J. N'. Collie, 'F. G. Donnan, W. B.- T'liek, 
Bam'uel Smiles, 'Geo'. W. ' MacDonald. • , ' 

. Fieldin-g, GharlE'S, Henry, Minerva, College Road, Cork. , Pharmaceutical 
Chemist.,' .Also' studied .General and (as, per occupation) .Pharmaceutical 
Chemistry (Practical and Theoretical), under the personal teaching of Prof. 
,.'J.'. Taylor, '■M.6c.,.„'at Ihe, ..Crawford -.Technical College,' Cork, from, the "year* 
1905'. "'to-.'1912'y as- w,'ell','a»' a' ,.conr,se of .-instruction at -the Westminster College of 
Pharmacy, London, under Mr. G. S. V. Wills. (6%nerf , Michael A. 
Fielding, Patrick d. Fielding, Patk. T. O’Sullivan^ 0 TJios. 

Farrington, . 

Fleming, Robert, B.A. (Sen. Mod.) I)ufoli,n','.2,.-,.Wafe-our' El,.Moyah,'-',G.aiFo,' 
Egypt. Lecturer in Chemistry under the'''' Egyptian, -Governm.ent,' at- the "Eig-li 
Training College, Cairo, Senior Moderatorship '',-in'.',Experim'ent-al -' Science 



((‘hemistry and Physii-.s) with Okdd 'Medal, Dublin UniverBity ; ABBociateBhip 
in Applied Chemistry,, lioyal (College oi’ Seienct* for Ireland ; Aeienee Teacher, 
now Lecturer in Cdiernistry, High Training College, ' Cairo. {Signed by) 
Sydney Yming, Emil. A. Werner, ,A. G. . G. Leonard^, If, Adeney, 
dlelmrd J, 

F,razk,r, Tu'oma.s, The Grammar School, Cirencester, GIob. Heail'riia^^t'Ci* 
of tlie Cirencester Grammar School, B.A. Trinity College, Dnbliii; B.A. 
Royal llniversity of Ireland. (Signed by) Sydney Young, Emil. A, Werner, 
J. B. Coleman, J. C. Crocker, F. H. Lowe. 

G-arner, Frederic Horace, 172, St. PauBs Road, Balsall Heath, Birming- 
ham. Research Chemist. B.Sc., 1st (A ass Hons, in Chemistry, 1914; M.Sc., 
1915, obtained at the University of Birmingham ; engaged on Chemical 
Research with Professor P. F. Frankland, F.R.8., from 1915-1917. {Sit/ned 
////) Percy F. Frankland, Adrian J. Brown, Frederick Challenger, W. E. 
Garner, Geo. King, Oscar L, Hrady. 

Garnett, Cecil Stevenson, 12, Cross Street, Chesterfield. Analyst. 
Associate in Aletalliirgy, Sheffield University. Desire to take the Journal 
of the Society, and to have the use of the Library. (Signed by) W. P. 
Wynne, John Evans, W. E. S. Turner, L. T. O'Shea, Jas. T. StevcMScm. ^ 
Geldard, Julius, 610, St Helens Road, Bolton. Works Chemist with 
Messrs. Ed. Bennis and Go., Ltd., Little Hulton, Bolton. Three years 
Leeds University; one year’s research with Professor A. G. Perkin; five 
years Works Chemist, G. Armitage, Ltd., Bedford Dyers* Association; 
twelve years Ed. Bennis and Co., Ltd., Bolton, Coal, Iron, and Steel Analysis. 
{Signed by) Walter Leach, Fred Fer rand, Walter M. Gardner, A. G, Perkin, 

J. 'b.^ Coiien. ■ ' y 

Grant, William Frank, The Normal Training College, Bloemfontein, 
O.F.S. Lecturer in Science and Mathematics, Normal College, Bloemfontein, 
B-Sc. (Chemistry), London, 1910; Hons, student in Chemistry under Professor 

K. J. P. Orton, at the Uni v. College of N. Wales, Bangor (1910) ; 
Senior Gliemistry Master, S.A. College High School, Cape Towm, 1912-1917. 
At present Lecturer in Science and Mathematics to students in training at 
The Normal Training College, Bloemfontein, O.F.S. Author of the 
eheraistry portion of “Physical Science for Matriculation” {Jiita and Co,, 
Cape Town), and of “The Teaching of Chemical Theory without the aid of 
Dalton’s' Atomic Theory ' 'and ■ A vogadro’s Hypothesis.”., The latter, is at 
present in the press. {S'gned by) F. W. -.Storey, A.- Peacock, B., M!. 'Narbeth, 
Andrew Young, S. Jamieson, 

'Grist, .'A'VTll'iam, Rob'i,nson, ■'Finsbury- Technical -College, Leonard Street, 
Ev,C,2.' 'Research Chemist, Teacher of Chemistry, Municipal " Secoii,da.ry 
'School, -Bcarborough, 1905-1917;/. Research Scholar, Chemical , Department-,. 
.Fio'sbury Technical College,’ ,1917.' {Signed bg) G, T. iMorgan, A. W-. H. 
"U'pton, ,^A. -J. Hale, Percy Edgertcm, ■ /. ' A.. Goodson, 

.'GumRiE,'. Francis". Glint,' -.The -Boscote, Heswall, Cheshire. 'Analytical - 
.Chemist.' -'Cantab, ■ Natural- '-Bcience . Tripos, -"Part L'. .Chemistrv, 

Physics,, G-eolo-gy, 1910; A.I.C'.,- 1914, {Signed by) W:C. ,'McC. Lewis, E. C.,iv' 
.Ba,ly,,. Alfred- Holt, 'Herbert .-H. Froy sell, --Robert -■Robinson . ,- 
■: " Han-son., ,■ JOiSEPH . .Eli,. 'Quarry - .House, Ussett -Lane, ' Earlsheaton,' .Dew^sbiiry,., ' 
-G-oliege-t'rained'- -Certificated Teacher. ’■ Certificated, -Con-ege-trai,ne'd' 'Teacher'; 
^latricuIatio.n's''- ..London, ■ and Leeds'; ' Asso-eiate '-' Of Ro'yal 'Sanitary .I,n,.st-itute 
(A.R.,S'.I-;)''-U" -..Member -' „■ of ' 'Institute', 'of - Hygiene-, .(MJ.H-,-.) ■ ■ Disp,eiisin,g 
{Chemistry), (So-cC' of -^.Apot'heca'-ries'')-; .Fellow of , the "■ -.Society of Scienc-e; 
(F.B.Sc.); Science m L.C.P. ; Special College Certificate In Optional Chemistry 
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(Gav'mai'then College). {Shjned hi/) 11. Gawler, A. '1C I'lolmeH, R. S. CaliilJ, 
0. IC Womersley, //. J. Taylor. 

Haki»ik.ee, Er,ne‘ 4T, 7>_, Park Sti-eefc, Boltou. Aetitig (.Ihief .'XssiBtant let 
Mr. W. J. Smitlg B.Se., Gas Engineer and IManager, Bolton. Engaged in 
the supervision of the manufacture and purillcatlon of coal gas, and plant 
]>rodi:uring concentrated ammoniaj sulphate of amsnonia, ci'iide licnzol, etc., 
and also control of analytical work connected tlierewith. studied Clieinistry 
«at IManchester School of Technology. JJesire Fellowship to keep in touch 
Avitii Modern Besearcli through Society's publications. {Signed by) Ilobt. P. 
Douglas j C. A. Fogg, F. S. Simiatt, 11. L. Taylor, John Allan, E. L. Bhead. 

liAVTHOR-NTiitYAriE, Alan, 79, Clapham Common, West Side, S.W.4. 
Chemist. Bachelor of Science (1st Class Hons. Chemistry), London; Asso- 
ciate of the Royal College of Science, London; Associate of the Institute of 
Chemistry. [Sitpud hy) Charles Gilliiig, Arthur J. Ewins, H, Blenkinso}), 
A. H. Al. ALiteig d. W, Epps. 

Hitchcock, Thomas John, 28, Albany Road, Manor Park, London, E.12, 
Ilesearcli Technologist. Chief Chemist to the Sugar and 'Malt Product.^ 
Co., Loudon, for the last eight years. Chemist to A. Boake, Roberts and 
Co., Ltd., London, 1908-09; studied at East London College, and also under 
London Public Analyst; have been engaged for some years past in research 
in sugar and allied products. [Signed hy) A. Boake, F. G, Adair Roberts, 
T. May Smith, Thos. H. Durrans, Ahx. K. Milhp. 

Housley, Harold, Huntsville, St. Andrew's Road, Huddersfield, Yorks. 
Works and Research Chemist. B.Sc. Hons. Chem., 2nd Glass, 1914, Man» 
Chester University; AI. Sc., 1915, Alan chaster University ; Research Assistant 
to Professor H. B, Dixon, F.R.S.; later Works Chemist to Messrs. British 
Dyes, Ltd., Huddersfield. hy) W. B. Dixon, Arthur Lapworth, 

F. P., Burt, 'H'ornian Bmith, J., E. Alyers. ' , ' ■ 

Howell, Owen Rhys, Darley House, Vemier Road, Sydenham, S.E.26. 
IleseaiTdi Cdiemist Avith South Aletropolitan Gas Company. B.Se. with 1st 
•Glass Honours in Chemistry .(Univ. ' AAhiles, Aberystwyth); University, 
Student in Chemistry; Scholar of Royal Exhibition of 18M. Contributions 
with Professor Findky ; ‘‘Solubility of N-itrous Oxide in Colloids,” J.C.B,,, 
1914, 291; “Solubility of Carbon Dioxide in Starch,” JJJ.S., 1915, 282; 
another paper in preparation for publication. Technical Researeh AVork 
under E.: V. :Evans,,,'Esq., F.I.C., Chief Chemist, .South Aletropolitan Gas 
Company since April, 1916. {Signed hy) Alex. Findlay,, T. Camp bell James 
E. V, Evans, Kennedy J. P. Orton, Olmide M. Thmnpson, ' 

^Hughes,^^ William: EAB.L, b, Coieherne' Terrace, Earl’s Conrt, Lo,ndon, S.W.5. ' ' 

, Lieut., ,Ri,.l‘'.C., ,and 3rd Leicester Regt. Nat. Soi., Tripos; late Examiner in " 
Bllectro-meta'lliirgy to the City and'. Guilds of'LondDn Institute; head,, ■chemist 
(fo,r several years) do W. Canning and Go,, ■London and ,Birmingham ; Researcli 
Eiech'o.metallurgist at the Royal Aircraft Factory, S, Farnborough, etc., and 
barnster-at-iaw (Aiiddle , Temple).. {Signed by) John 0. 'Hughes, Gillmrt 
Palmer, Bertram. Campbell, A. Ohmton Ghupman^ Fred. T. Harry. 

Kipling,.., H.E.IIBERD Spencer,. Wkst. End . House; Victoria Road,‘ Stechford, 
Biimingham. , Aletallurgical Chemist. Pupil under Alessrs., Pattinson and .. 

, Stead, Aliddksb rough, 18/6/00 to 31/7/04; metallurgical chemist W. Beard* 
more and Co., .Glasgow, 1/8/04 to 11/1/08 (from September, 1904, onwards in 
charge of researchdaboratory of Armom- Dept.); chief assistant chemist, 
Weardale ^Steel, Coal, and Coke Co., 14/1/88 to 31/12/09; chemist, 
Lysaghts Cre-fieW, yi/10 to 1/4/10; assistant chemm Messrs. Pattinson 
and Stead, Middle.sbrough, 4/4/10 to 19/5/10; chief chemist and metal- . 



lurgiBt', Wolseli'y IMotors, Ltd., since 23/5/10; member of Iron and Steel 
Institute; member of Foundrymen’s Association. (Higned hy) J, E. Stead, 
:H. Frankland, Ernest W. Jackson, H, Eidsdale, N. D, Mdsdah. 

Kirkwood, Thomas Willi.amson, “Brooklyn,” Guildford Road, Farin 
iMjroiigli, Hants. B.Sc. (Dunelm), Armstrong College, j\'eweastIe-oii-Tyne 
Ohemisti'y 'Master at Hipperholme Grammar School, near Halifax, 
yorkslurt! (1914-1915); Assistant Chemist at. Royal Aircraft Factory 
(dan. 3. 19l6~-to -riate). {Signed by) P. Phillips Bedson, J. A. Sniythe, 
J, 0. Hughes, A. IT. Newton, Bertram Campbell 

Laiwala, Khmudchandea Ghelabhai, Balaji Road, Surat. Post-graduate 
Student. M.A., B.Sc. (Bombay University) ; Research on the “ Hydrolysis of 
Oils by Lipase,” under publication (Journal of the Indian Institute of 
Science). [Signed by) W. H. Simmons, J, Wilson, J. L. White, J. P. Long- 
staff, Edward L. Joseph. 

Lawrence, Harold, Ridge View, 81, Foxley Lane, Puriey, Surrey. 'Maiiu- 
racturing Chemist, A keen interest in the advancement of applied science, 
particularly in the manufacture of synthetic compounds and coal-tar deriv- 
atives. {Signed by) G. F. Morrell, Walt. B. Pratt, G. H. Pierson, F. W. 
Crossley* Holland, C. E*' Cor field. 

Lewis, Francis Charles, Uwch-y-don, Elkington Road, Burry Port, Cam. 
Superintendent of T.N.T. Department, H.M. Factory. B.Sc., Wales, with 
1st Gjass Honours in Chemistry; employed by JMessrs. Nobel, s Explosives 
Co., Ltd., since July, 1915; from July, 1915, to Jan., 1916, as a shift 
chemist, and since Jan., 1916, as superintendent of T.N.T. Dept. (Signed 
/n/) Claude i\L Thompson, E. P. Perman, Robt. D. Abell, Ernest Vanstone, 
E. .J; Amies,' Edgar Lewis.'. 

Lowndes, Arnold Bradley, 78, Wellesley Road, Ilford, Essex. Petty 
Officer, Chemist, R.N.A.S. Five years’ practical and theoretical chemic?ai 
study; Inter. B.Sc. (Intexmal) Birmingham; further academic work inter- 
I'upted by war; Petty Officer Chemist, Royal Naval Air Service, Chemical 
Experimental Station; two years’ actual contact with large chemical plant. 
(Signed by) T. Slater Price, J. E. Coates, Sidney A. Brazier, Maurice E. 
Probert, F. C. Laxton, Frederick Challenger, Thos. Tyrcr, 

^ Lund, William Jackson, “P'enryn,” Temple Road, . Stowmarket, Suffolk., 
Works Chemist. B.Sc, Tech, degree on completion of three years’ course at 
the Manchester School of Technology ;' M. Sc. Tech, on' presentation , of, thesis', 
entitled, “ The Function of Water in the Combustion of Carbon Monoxide 
(.iKunist to the 'Mancl,iester Air Pollution -Board (1914), The New, Explosives 
Co., Ltd. (1916). (Signed by) H, F. Coward, Edmund Knecht, Stanley J, 
Peachey, E. L. Rliead, G. G, Quinn. 

. M.agallxjm, Archibald Bruce, 243, ■ College' -Street, , Toronto, ,Ont., Research 
Chemist. , 'Educated -at the Universities, of ■ Toronto .'and -Munich; -author of 
many pai:)ers',on- bio-chemical .subjects-; now -engaged i,n research -bearing -on' the' 
|)re'paratio,n of .synthetic drugs. (Signed by) Arthur Harden, George B^arger, 
J. C. Dr'ummond, R.- H. A'., Plimme-r,. Robert Robison. - 

Mann, ' Alfred Bertram, -85, Laburnum- Avenue, Garden Village, H,ull,- 
AVorks Chemist.' Theoretical and. 'Practical-'' Courses in'. Inorganic, ,-, Organic^ 

'- and' Applied Chemistry ; Sound, Light, and Heat, Magnetism, and 'Electricity., 
-etc.,,, the Hull Technical College; .Senior 'Oxford' -Local. Exam.; prize, , winner, 
and 'Bronze 'M'edal in Oils, - Fats;,' and -' Waxes' Exam. ■ (Londo.n -City '.a.n4' 
.'Guilds)'; Tprize'-' winner and Bronze , Medal in Painters’ Colours, , Oils', '' and 
-'V.arhishes; seven years Assistant Chemist 'for, Mess'rs. Blundell, -Spence" .and 
--., 0 - 0 ./- Ltd-,," ''.Paint'Tand -/Colour-' ''Manufacturers ■; served -with '-'the': Chem,.; Corps', 
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IldYU:! KriuJ I u‘H-‘ VP., May in St^.piofulvov, 1916, wliori T waw upi'iniiitv- 

meat as a Cheiiiisi at. i^iciory. {tSifjnfd hi/} H. !Aa*gUHOU, 'i'hos. A. 

Nightscales, T. Luxioii, Win. ({eary, Jhirn/ Thomfmn. 

AIendoza, Eiviae, 55,, jMaviov Road, '.London, N.16. (..'honiiat.. Mrri|>loyud 
at ,'Royjil .Fav'tovy, Awsooiate of the llistitnie vd* (Tlieniist.iy. Ha.VB 

I'anaed out iovewtigaiion work on castov nil and on luhrieatirig otl^ used in 
aeroplane engines. [Sinned hy) J. 0, lluglie.s, iLllveri Rainier, liertrain 
(■ainpMl,, A. W. ,:f-l. Upton, Arthur J. Hale. 

Hoeoak, Juiix RtcHAEiE 8, Heathcote Close, Ash (loinrnon, Surrey. 
Assistant Chemist, Royal Aireraft Factory. ILSc. (Wales); Honours in 
Chemistry (1915) ; and have heen engaged on chemical work in couiiectioii 
witli Cellulose Acetate, Dopes, Varnishes, etc., at the R.A.F. for the last 
two and a half years, (Signed by) Kennedy d. 1\ Orton, John 0. Hughes, 
Gilbert Dalmer, Bertram Campbell, Arthur U. Newton. 

iVIuNRO, Ahthue AIacdokald, Auckland, New Zealand. At present 
residing at 44 Rosaett Road, Blundellsands, near Liverpool. Analytical and 
Techn:ica.l Chemist, H.M. ,, High Explosive Factory. M.A. Oxou./.St. 
Johuhr C/oUgge; Hons, ill Chemistry, 1911; iVssociatc of the Institute 
'of: Chemistry I Research 'Student: "and. ■Graduate - of, the ITaiversiiy,: of ■, New- 
Zeala.,iid, 1913 , Instructor and . Lecturer, .iii'. Chemistry,, Bliysics,, ' 'Physiology , 
Botany, amC Hygiene at the Wellington Technical Coilege, N.Z., 1914-1915; 
Science blaster at King’s College, Auckland, N.Z., 1915-1916; selected and 
sent by the Australian Covernment in 1917 to Engiand t 0 ‘ Join the Ministry 
o-f Munitions.- , {Signed by) T, S. 'Aloor-e,- F.'-D., Chattaway,' NV V.,' Sidg'wick, 
B. .Ijambert, J. E.^AIarsh. ■ " 

./Naik-, Theketh Kxjmaran, B. a. . (Madras), B.-Sc. (Birmingham), Jamalpur, 

E. I. Railway. Chemist and Metallurgist to the East Indian Railway Com- 
pany, Graduate at the Madras University; Graduate at the Birmingham 
University; conducted research work in the Birmingham University, and 
published the same in the Journal of the Chemical Society (uK/e page 1534 
of 1913, {Signed by) C. T. Foreman, Thomas Turner, Percy F, Frankland, 
'll arty Silvester^ Freilerich Challenger^ A. Parker. 

Odd 1', ' Robert,- Atk'inson, The La'boratory, ■ A b l>ey , Street, Toad Lane> 
Rochdale. Analytical Chemist. I am twenty-nine years old, and have been 
e.ng:a.ged for the la.st eleven' years ■ as ■'.Assista'Ut to Robert W. , Oddy,.. ,F.LC., ; 

F. C.S., . Analytical and , Comsuliing ..Chemist. . iMy.' work has .consisted in the 
anaiysis , of Foo-d.s, Waters, both for. domestic, and ind'Ustrial .supply (in- 
dtid,ii:i:g,; -tlie supervision of erection, of- Water.-Boftening,, Plants), My. close 
'contact with the .cotton and woollen-, industry'; has caused 'me to study the 
numerous , processes -that -raw cotton, 'and wool 'undergo ere they' -become the 

- E'rtisl'ied .article. I liiwe had much work' on', the treatment of t:rade e,frtne,nts 
covering some fi:fty plants installed. {Signed by) Robt, W. Oddy, Thus. 
Stenhouse, Wm. Ala-rshall,, ,W- H., -Pennington, 'James H. -Kers,l:i,a-w, Percy. R, 
Strivem.,- - 

: -OxEEv, 'Horace Finninglev,. c/o Are.ssrs. Levinstein, Ltd,, .Blackky, 'Miim 
Chester. - Research ■■ Che,m:ist.- , -Second. Class Nat. Sciences Tripos, Gamb., 
1905 ' (Chemistiy; ,, Physics, - Geology, Mineralogy); 1906 -Course o,f ()'rgaj':iic 
Chem. ■ and ' Org. -'.Research under - Professor -Pope, F.R.S,, at .Mumcipa,:! 
School of Technology,- Ma.nchester; 1905-1914, Research In Catalytic 'ReactiouH 
a-nd .Manufacture of Hydrogen a-t Messrs. Jas, Crosfields and Sons,,lAcL 
(Signed by) W. ;J, -S. , Naunton, R-. B. Forster, Thomas Callan, Charles. E. 
.Potter, G. Eigg, .F. Robinson, Jas. ' A. 'Russell Henderson. 

; Pezza'xi., , .Hen:rt ;- Marc, , --.Eastriggs.,. "Dornock, - Dumfries'sliire. Sugax ' 
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( SpecialLsed in Sugar Teciuiology iiud IMamifaciui'c, Trained 
at tile “Agronomical Station ” of the Island of Mauritius. Had -seven years’ 
experience in sugar manufacture. Previous to the war, Chemist at the “La 
Mercy” Sugar Factory, Natal. Attached now for the period of the war to 
the staff of the Centra'i Cliemical Laboratory, H.M. Factory. (Sig?ied h^/) 
David Hooper, Ernest W. Smith, Douglas Bowaek. 11. 'll Necch, E. 
Tal)i‘rn('r, Etrcy /. Ohannon. 

PinLLiPS, Davii} John Pmcjiaro, Pemberton Stores, Burry Port, Car- 
marthenshire. Su}>criutendening Chemist, H.M. Factory. Assistant Science 
Master, County School, ’Brecon, 1914-1915; B.Sc. '2nd Class Honours 
Cliemistry, University of Wales; Laboratory Cliemist, April-Septeraber, 
1915 ; Superintending Chemist, Propellants Department, since September, 
1915, under Messrs. Nobel's, H.jSL Factory. (Si(/ned hy) Claude M. 
Thompson, E. P. Perman, Bobt. D. Abell, kennedy J. ll' Orton, M(>x. 
Findlay. 

Puicm, Tudor William.s, “Gowanlea,’* Caledonia Road, Saltcoats. Avr- 
sliire. Research Chemist. B.Sc. (Wales) with 1st Class Hons, in Chemistry, 
1910; M.Sc. (Wales), 1912; B.A. (Cantab), 1914 (by research); 1851 Exhibi- 
tioner of University College, Cardiff, 1912-1914. Contributions : “Vapoiir- 
pressure of Concentrated Aqueous Solutions,” Trans. Faraday Soc,^ 1912, 
8, 68 (with Dr. E. P. P.erman) ; “Osmotic Pressure of Alcoholic Solutions,” 
Part 1., 1915, 67, 188. Research Chemist with Messrs. Nobel’s 

Explosives Co., Ltd., since August, 1914. {Siyned by) William J. Pope, 
Claude M, Thompson, Wm. Rintoul, G. H. Beckett, Wm. Barbour.' 

Ray, Robkiit, B.Sc. (Stv And.), B.Sc. ■ (Cape), F.L.S., A.T.C., , Eastriggs," 
Biimfriesshire. Senior Chemist in Charge Nitroglycerine Section, B.Sc. 
(St. And.), 1912. Graduated in the following subjects 1st, B.Sc. 
Chemistry, Physics, Botany, Zoology, Mathematics, Final B.Sc*: 

Chemistry, Zoology, Geology, and Metallurg^n Other Grad, Classes 

taken : Anatomy, Physiology, Histology, Physiological Chemistry, Anthro- 
pology, etc. Carnegie Scholar, 1913. B.Sc, (Cape), 1915. F.L.S. (London), 
1914. A.I.O. 1917. Assisted in the Research Laboratory (Zoological 
Dept.), Liverpool University, 1912-13. Assisted in the scientific activities 
of the Lancashire and Western Sea Fisheries, 1912-13. Appointed Lecturer 
in Biology in the South African College, Cape Town (Univ. of the Cape 
of Good Hope), 1913. Appointed Assistant Naturalist to the Govern- 
ment of S. Africa (Cape Province), 1914, vSiiice war broke out I have 
worked on guncotton and nitroglycerine, also on the Quinan drying stoves 
at Messrs. Kynoclds. Now hold tlie position of Senior Chemist in Charge, 
Nitroglycerine Section, H.M.' Factory.' ■ by) /Biwid Hooper, John, 

"Mitchley, H. R. Neech, Herbert E. Page. E, Taberner. 

' Roques, ' Fbr.I)inaxd, 36,, rue ,Bte.. CToix^ de. la Bretoimerie, Paris. Pharmacist 
of ■ 1st Class of the Ecole Superieure de- Paris.; .Manufacturing Chemist (manu- 
facture', in St. Ouen, near '.Paris).., 'Sur . la , Cmchonicine cristaiiisee, , Comptes' 
,i'e,nd'us de BAcad. des. Sciences,' 't. 'Cxx,, .page, ',1170;,, Rechc'iriies sin’ ' la Ci'U- 
chonieme, , these, Gauthiers', Villars'''et Fils," ©difceurs,, 1896;' Golden 'Medal of " 
the,:. Soc'iet© de Pharmacie , de, Paris, ..,.1895-96 ; 'i.Remarques ■ .sur ,, le brom.ure 
'cBE,thyle du. Codex, -J. d(!> Fharmade u dc Ghhih, Ao'iit,, 1911 r'Begenera- 
■iio'i lie la ieinture 'd’lode.alteree, ' J'.' f/c' Pharmacie ct ' de Ohimie, 16 M'ars', 
1914, Bar .lea ."'Sels, de . Cocaine , employes,, '.q'Ue'lquefoi.s em therapeiitici'iKj, 
■.:Btdktin.''":des, 8c-knce$. pharmacoUyiqimy 'Mai, 1914. {Signed 'Ey)". Thomas' 1>,. 
.Morson, A, If red .0/ Howard, ,.'R. .Blenkmsop,',Fb’n/'ri‘, Mmd^ 'C)mrlesl(E'illny. 
.'ErikurE",' Ewhm. A'' , 



10 

ScHLABinrBRj At-B'iui'D li'aucH Max, 12, Arliiigtoii Gaitloiis, Gliiswick. C^hief 
Gliemist of fclie Chiswick Poliali Co., Ltd. 1909, Immatriciilatioii (Eicig. 
Natiirifcat) ; 19094914, student at the Technical High School, Zurich ; March., 
1913., Diploma in Electrochemisky ; March, 1914, Thesis;' ‘LBeitrage . ziir 
Kemitniss ' der hydrothermalen Silikate ” ; iinxde Doctor of Technical Science 
'(.Doktor (lei- tecliiiisclien Wissenschafteii E.T.H.); May-Jniy, 1914, assistant 
of . Prof. Dr. Forster, at the Davy-Faraday Lab.; since May, 1915, with 
Chiswick Polish Co., Ltd. {Si(f:ned by) Percival John Fryer, James C. 
Philip, M, 0. Forster, IL B. Baher^ S. S-mihs. ./ 

ScoTC'HKR, Wm. Leonard, Eastriggs, Dumfriesshire. Chemist in Charge, 
H.M. Factory, with practical training in nitrocellulose and acid manu- 
facture. Ten years' laboratory experience at B.N. College, Greenwich, under 
late Professor V. ,B. Lewes ; assistant to Professor J. S. 8. Brame at .E.N.C., 
Greenwich ; also assistant instructor under Prof. Brame at praeticuil fuel 
analysis and te.sting classes, Sir John Cass Inst,, London; chemist for 
British Coalite Co, for research on tars and coals; private assistant in 
London to Prof. V. B. Lewes (late); Belief Gas Examiner for the City ot 
London Corporation ; practical experience, iron and steel examination, fuel 
analysis; member of Society of Chemical Industry; training in explosives 
manufacture, a(3id manufacture, etc., etc. {Bujnui ?;//) John Mitehley, 
Herbert B. Neecli, E. Taberner, David Hooper, Hubert E. Page. 

Shilston, Harold Pethick, 49, Badnor Drive, Wallasey, Clxeshiro. Ana- 
lytical Chemist. Student over three years in the laboratories of Messrs. 
Norman Tate and Co., Analysts, Hackens Hey, Liverpool, technical cfasses 
it-, about a dozen subjects being attended during that time; sixteen years 
chief assistant analyst to Messrs. Evans, Sons, Lescher, and Webb, Ltd., 
Wholesale Druggists, etc., Liverpool and London; three years in charge oi 
testing staff of the same firm (twenty-two years’ laboratory experience), whicli 
position I still hold; contributed to Evans’ Analytical Notes for eiglit years. 
{Signed by) George Tate, Thomas J. Boberts, H. Humphreys Jones, Jo/m 
Hanley, Ernest James Hoy. 

Tallantyrb, Snow Blagburn, B.Sc., A.I.C,, A.lLC.Sc., 14, ingiewood 
Boad, West Hampstead, London, .N.W.6. Technical Chemist. Analytical 
Chemist at Woolwich Arsenal (1912-1913); engaged in technical and analyti- 
cal chemistry (three years, 19:13-1916) at M:ess.rs. Evans, S(>ns, .Lesclier, 'and 
Webb, Manufactiiriiig Chemists, etc., Liverpool; now Eesearch Chemist at 
ILAl. B’actory ; Assoeiate of the Institute of Clieniistry of Great 
and Ireland (1912) ; and B.Sc. (Loud.) 1st Hons. Chemistry (1911) ; Asaoeiate 
of the Koyal College .of. Science,' Imperial; College "uf Science and Technology 
,(,1911)'. (Sigued by] JntMs G.' ■ Philip, Aidhur',A, -Eldridge, M’. A). ,'Forstcr, 

' Arthur :Ha,i.4,erv, . G , T Morgaii, A1 f A 

, 'Taylor,; George, 32,, Sotheby Boad, ■■Highbury, . N. 5., Analytical Chemist. 
Assistant to Dr. Bernard Dyer; Fellow of the Institute of Cheinistry; Cej-ti 
ficate of IHnsbury Technical College. by) Bernard Dyer, J. F. H. 

Gilbard, S rank W., G. ■King, E. W. V.oelcker, 'A. Ghaston Chapman. 

''■^, Taylor, John Cameron . Clarke, " Lieut. ''(General List), 2, Queena'l>er,i'y 
Terrace, C'ummertrees, Annan, N.B., Industrial Besearch Chemist. Tra:ined , 
University of London, Chief Cdiemist to Arthur Manufacturing 

Chemist, Bramley, Leeds, 1910--13. 8ince then to 1915 investigattn} iiiany 
t^echrhcal processes in ■own Besearch Laboratory.' , From. 1916 to, |H’ese,iit ' 
time, .■G,hemist„ in the Department of. . Explosives Supply. {Sir/fied :by) ': E.. ' 
■I'aberner, Douglas .Bowaek, Percy J. 'Chaiinoig John MJtc,!deyV Hubert 'E. ' 
Page, Geoffrey Martin, lUrbvM U. Neech, David llaopar, * ■' 
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Thomas., Hugh Arwel, 9.,. cimrch Circle, 8. Faniborougli, Hants. 
Analytical 'and Research Chemist, Royal Aircraft Factory. B.Sc. (Wales), 
1914. From March, 1915, to present time engaged on Research' work.' I' 
desire fellowship to extend my chemical knowledge and in order to use 
library. {Signed by) Kennedy J. P; Orton, J. 0. Hughes, Gilbert Palmer, 
Bertram Campbell, Ahx Findlay. 

Timmins, Albert Edward, 81, Teasdale Road, Walney, Barrow-in-Furness. 
Metallurgical Chemist, Barrow, Hematite Iron and Steel Company. Lecturer 
on Metallurgical and Engineering Chemistry, Theoretical and Practical, 
Technical Schools, BaiTow-in-Furiiess. {Signed by) H. B. 'Weeks, A. Pi. 
Gower, E. L. Rhead, F. S. Sinnatt^ i?. L. Taylor, S. J. Peachey, Jas. Grant, 

Troiter, John, c/o Mactaggart, 12, Meadow Place, Edinburgh. Agricul- 
tural Chemist and Agriculturist. Master of Arts, Bachelor of Science (Agric.), 
Bachelor of Science (Pure Science), and D.Sc. (Chemistiy), of Edin. Univer- 
sity; Fellow of the Highland and Agricultural Society; Works Chemist at 
Chance and Hunt’s. {Signed by) D. Ivor James, T. A. Smith, R. W. L. 
Clarke, Wm. Wheatley, H. A. Scarborough, F. P. Dunn. 

Twine, George Johnston, Sark Bridge, Gretna. Chemist. Engaged 
by Australian Government in 1916 to proceed to England as Chemist 
under the Ministiy of Munitions. Technical training: “Diplomas” in 
Metallurgy, Metailurgica! Chemistry and Assaying. Four years’ course at 
Tccliuical College, Mt. Morgan, Queensland, Australia. Works experience in 
following processes : Chlorination and . Cyani ding Gold Ores, Smelting and 
Concentration of Copper Ores; several months’ experience in each, 
M.M.G.M. Go.* Ltd,, Australia. ’Laboratory experience: Eight years in 
laboratory of the Mount Morgan Gold Mining Co., Australia, of which was 
spent: seven years as Assistant Chemist and Assayer; one year as Chemist 
ill Charge of Laboratory. Additional works experience : Eleven months at 
H.M. Factory, as Chemist. {Signed by) David Hoo|>er, Douglas Bowack, 
J. Bradshaw, J, C. Burnham, Alfred Owen Jones, 

Vltes, LiX)NARD Ellertox, “Belmont,” Gowaii Road, Manchester, 8. W. 
Chemist and Director of Messrs, Claus and Go., Aniline Dye ManufactuTers. 
Engaged during the last eighteen years in the introduction and manu- 
facturo of Dyestuffs in this country. Fellow of the Institute of Chemistry. 
{Signed by) Edmund Knecht, F. W. Atack, S. J. Peachey, xllex. K. Miller., 
J. C. Cain. 

Wareham, Glen Raymond, Stanbprough P'ark, Watford, Bxvrts. Head- 
master of: 8tariborough Park ■ College. T have taiight Elemeirtaiy'Llhcmistry 
for fifteen years; London B.8c. (Hons, Chemistry) ; Analyst and Adviser to .■ 
the International Health Association (manufacturers of diabetes biscuits, 
gluton, malt, nut, and other invalid foods). I wish to keep up to date in 
physiological and food chemistry, and in general chemistry for teaching 
purposes.. {Sujned by) W. F., Cooper,' ' J. AV. Bhepherd, ; ,W. BriggS', 
llarold G, Cohnem, 7, A. ■ Williamson. 

Warburton, ' Gob'FRey, Manager’s ■ House, Gas' AVorks, .Ponders ' End', 
Middlesex. Chief Chemist, Tottenham .District Light, , Hea:t,. and Power 
Company.' ' Three years pupihassistant to 'late G.' H.' '.Hurst,. F.C.,S. ; two 
year's Chemist at' Messrs. J. Brown, mid, ''Co.', '.Ltd., Manufacturing ' C'hemists, ., 
.'Dews'lniry',. 'Yorks';' one .year special study iu Chemistry and Physics .at Vic- 
toria U'UiV'erfiity./.' Manchester six "months 'Chemist aiitl' Assistant at Water-'' 
'.ford 'Gas .'Works. .'. For the past twelve 'years Chief .Chemist to the .'Tottenham 
D.iS'trict '. Light, Heat, and Pow.er Companyv '\Sigrml by): A A. Buttery 

field, li..; F. 'H'ills'', H"arDkt'.G.'','C.oimun., lhtrkh llf:l{irkaid^y 
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Wii;nall, Haisrv, 16 ItoHeucatli. Iluad, 8.VV,ri. Ilescardi i'lieiui'Bt, 
M.8c., Manchester University, 1915; A.I.C,, 1917. liesearcli Cheiiiist since 
1915 at the Admiralty Laboratories. (Si(/ncd by) Clr. Weizinanii, Harold 
Davies, H. M. Spiers, E. Cl. Bainbridge, P. Haas. 

Willis,, Aimiun/ William,- 30, Manor Iloafl, Slecliford, Birmitigluiin. 
Mefallurgical Chemi.st. Five years’, triiiiung in the laboratory of Messrs, 
Pattiiisoii and >Steacl, Public analysts, Middlesbrough.; Cliief Assistant 
Ana]y.st ofc fclie works of the Wolseley Motor Co., Ltd. {Siyitcd by) J. E, 
Btead, H. Fraukland, Ernest W. Jackson, A. D, 0. IL 

Wood, CiiAULLS Edmund, 83, Kingswuial Road, Moseley, Birniingliain. 
Ilesea-rcb Cliexnist. B.Sc, , 1914; M.Sc,, 1915, obtained at University of 
Ihrmingliani. Engaged on Chemical Research with Pi’ofessor F. F, Fi'ank- 
hind, F.R.S., from 1914»1917. (Siyncd by) Percy F. Frankland, Adrian J. 
Brown, Frederick Challenger, W. E. Garner. Geo. King, 0,sca)' L.. Brady. 



PKOCEEDINGS 


OF THE 


CHEMIOAL SOCIETY. 


' Or dinaiy Scientific Meeting, Thursday, February 7th, , 1918, at, 
S p.nn, Professor W. J.' Pope,: C.B.E./p.R.S., Presidenty'ln.' the 
Chair. 

Reference' was made to the loss sustained by the Society,, -tliroiigli 
death, , of ', the 'following,, Fellows- : 

■Elected. ' Died,. ' 

Ricliard ,Lilbii:m, Barnes, ■ De--?. ,2nd, 1875, Jan,. 30tli,,: 1918, , ,', 

John Forbes , Bell ' Dec 5th, 1907. : Sept. 25th,, , 1917 . 

John Scudaniore Sellon Apr, 15th, 1876. Jan 18th, 1918. 

: , Ce,riifi,cates were read, for the 'first time in ■favour r)f : 

'riionnis Thompson best, Ph.D., ‘‘ Woodleigli/’ Laurel R St. lleiens. 
llmlolpli Lsaa .0 ]>la.okburn, B.A., B.Sc,, 8, Bunhice Road, Clapton, E.5. 
(Aril ICA,, B.Sc,, 86, Ridgeway,, Edgbaston, Binningham. - ,, 

(Tinse[)pe Brnni.’ Frof., Corso Bue'iioa,' Ayres,' ■ 55, Milan. 

Colin Uuinpix'll, M.Sc,,,, 45, Heywood- Street, Alexandra .Park, M'aneh'ester. 
John (L'orgt^ Chirke, M,.A., B.Sc., 12,- Bhodesia Hoad, Leyhnisknie,' E.ll. 
Frederick Charles 'Uuggleby,' S?, Lo,ughb<irough ■'■Park, B'rix'ton, ' S.W.9. ■■■ 
Francis Jolui ,l)yinond,'’'B.8-c.,.6, Lo-cky'cr .'Stia'kt,. Plym^ 

Owen (Jiaiies Kd ward.S’/ B-.’Sc,, ''46, .Saxon, Bnadf, 'Fawersham. ■ ■, 

J’homas (bei'iinnru Finch Villa, .Millom, G 

ll'enry Fraiuds Hv(?rard 'Hultoin ' F\T.CCj.'''l,5,, ■Oakhiil Co'nrt;, E!asfc ''Pidney* 
S.W.IS. 

Julius Juiig, 14, rkiucipft Road, E.l. 

Beiijainiu Lhnvellyn, M.Sc., U., A.OJ),, 11, St. Silas Street, Ardwick, 
Mancliester. ■ , 

William Ale.Kaiidei' 'Montagu, Lt., H.L,]., 7, Garturk SiJ'(<et, (Jrosshill, 
Gkisgow. 

,■,■:■,■:,',: ,i,Harry ■ Singer,, ■ 147, ^tJ'pper :Clapton Bo'ad.;,; E'.S.' '■ '■■■', 
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Mauriee Hmitli, J.P., c/o IMesKSi’n, Ciixaoi'i, Gcrrard Jiixl Go., Lid., (Ildiiiii'y. 
Stephen Veitch Telfer, M.IL, C'ii.B., 533, CrosBliiil liixid, ('irc>s«-hi.ii, 
Glasgow, 

Wa.it€n‘ Arthur Voss, ‘‘'Fairlight Glen/’ Lastwood lioad', lva,yleigli, Essex, 
liarm- Willia:m Webb, M.Se., 29, South Hoad, Smethwick, ],.kt)., Staffs. , ' 
tj'a/mes Wood, B.Sc., c/o KeseaiX‘h'l)epai'tmeiit, C'.WkS,, 109, Corpora:- 

tioii .Street, JMain Chester, 

The foliowring papers were read : 

'SSome inorganic stannichlorides/’’ By J. G. .F. Druce. 

*' .A reinvestigation of the : cellulose-dextrose, relationship." ■ By Miss 
M. C'UNNrNGHAM, (Read'^by M.r.' 0. F. CKOsa, ) 
Esparto-celliiloae and the problem of constitution.:'’ By C. F. 
Gross and E. J. B:evan. .. 

GErratumG \:r" f- ■ 

In Pi'oceedings 1918, add the following : 

. ,,Thef. following, ^paper,wascread:: ^ c' 

: ‘ -Studies...' on ' the..; ,W,aldejr inversion. ■ v.'Part ■ . The i.nfluen'ce of ' 

the solvent on the. sign of the product in the co:n version of 
a-bromo-^'phenylpropionic : acic^^^ to a^amino'^-phen 
acid (phenylalanine). Iminodiph6ny]dipro|)m.m^^ acidh' By 
■ .G. S'BNTEii, H. D. K,, ,;;]i)uEWj and 6. S'. ,'’MAimN. ■ 


Ordiiniry S Thursday, February blst, J918, al 

8 p.in.',:.' PrQ-feBso.r'' W,. ,,..F(;wE',.,., CvB.E., ,Pix3Si.d.e(i'it' itr'.tliC; 

Ghair.''' ' ^ 

Messrs. R. i. Phipps and A, 8, Carlos were formally admitted as 
Fellows of the Society, , . 

Certificates for Election, were,; reacl:. f oivthe ' B.TstdHn:Ht i 

Albert Heury Clark, ILSc.vfOli 8. WocmI btreet, Cliicago, II.S.A, 

Horace George Evans, B.A., B.Sc., 393., City Eoad/Edgbaston, Binningiiatn. 
Charles Eddie Gallagher, The Vestry Ihnwe, St. Alagnushhe- Martyr, faiwm* 
Thames StreeC E.C.3. 

Nathaniel Alakover, B.Sc., 13, Bancroft lload, E.l. 

Alexafidcr Lyle Thomson, 11, Beresfdrd Gardens, Trinity, Ediiihutglt. 
Herbert John Watson, 64, Feel House Lane, VVidnea. 
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' A Oeilii^fieate for election , has 'been authorised by the CoiiiidJ for 
pi'esentatioii l:.o ballot under Bye-law I ( 3 ) in favour of : 

Htaailoy/War'inirton^ Titaghur' Paper Mills Co., Ltd., Titaghur,; India. ; „ 

:Jd} \v:as r<‘j.)nrted that Mr. Thomas Tyrer, wlio was elected a Fellow* 
in 1876j die<l <hi February 21st, 1918. 

The Pees iBisNT amiounced that the following chaiiges in the 
Officers and (huncil we the Council: 

■ A,? to — Pi-ofessor F. li.' Japp 'and Bir, Bicbard 

Threlfall. ' „■ ,,..b '■ 

' As, Ordinary Members of Council to retire,— Rt. ^Hon. ■, The:, Earl, i.of 
Berkeley, Professor Ti. Carpenter, Dr. - R. H'.-"'AderS"''Piifflffier, 

and Professor J. P. Thcrpe. 

d ,s“ Preside n f ,~rProf essor M^illiam Jackson Pope. 

/l,s Vice-Presidents who have filled the ofiice of President ,—P 
fessor H. E. Armstrong, Professor 'A. Cinmi Brow-nV 'Sir ■ William 
Crookes, Sir James Dewar, Professor Harold B. Dixon, Professor 
Percy F. Fraiiklan.d,;'Dr.., A.^' -G. Vernon Harcourt, Professor'' AV. 
Odliiig, Professor W. H. Perkin, Professor J. Emerson Reynolds, 
Dr. Alexander Bcott, Sir E^^ Thoi'pe, and Sir AVilliain A. 
Tildeil. ’ \ ^ 

As Honorary Aeerekmes.—I)Y,' ■■ Samuel '-'Smiles and Professor; 
J. C. Philip. 

' ■ '''A k' Fnirifin Arthur ''W'. Gross'ley.'' ' ' '-; 

A s IhceHkesidents ,. — r'P,rofessor'. .-,'.F.^' 'Donmi'n, / Professor G. ^ ^ G; 

Remku'son, ,'P,rofessar ;-A., ■Dapworth',-■.:L,t.:“Coh.^■-A;^S-hhthells^ Professor 
W. Th Wyiitm, .aiKl-Professor S, .Young;- 

dx New 'Ordmary Af embers of GouneiL—Mx, J.", L, Baker, '' Pro-' 
fossoi* J, (1 Irvine, Sir PIerbert’'Jackson, a'nd- Mrc-E. W-.- :Voelcker; 

;':'' '',:-Mr;',-'0'-., 'ih ',' Cross, Drl- C. : A, 'Keane,'.'' .and Mr. E." Wc'; Yoeleker,:- 
wei‘e elected Auditors to audit the Society 's Accounts. 

Mess!*s« lb E. Jackson and P. T, White were elected Senitators 
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and fi ballot' for t.he election oi*' Jt^eil.ows was lieldn TliO' followin 
vvei'e siil3S€C|iieiitl3^ declared elected 'as Fellows: 


Eriiewt Atk'iiisoii. 
('■hai'les l'i"re(lori(jk' 


A 1 he rt.> I jph 1 i e id «. > 01 » 1 fi eUi , i;5 . . 

,1'olni 'Beothnniii 

J'osepli Wiilii'Cn C'ljristelow, B.Bc. 
Kdgfir Alfred Coalvill. 
itansoine Wallace Cooper. 

Thomas G rowdy. 

Harry Diigald Keith Drew, B.Se. 
.‘fohn Clare Newlaruis Eastick. 
Frederick William Ed-wards. 

Tiiomas Gifford Elliot. 

IH'^Mleriek AViliiam .Emerson. ' 
Frederick Page Evans, B. Sc.. . 

(Iharles Hem'y. Fielding. ' 
lUiheikEleEiing, B.A., 

Thx>mas Frazer,: B. A.' ' ■ 

:Ered'eric' Horace ..'Gamer, M'. Sc..- ■ 

CeGil Steveiison Garnett. 

Julius .Gelclard. 

William Frank GranG.B.Sc. ' 

William :Hobi-nson' Grist. , 

IGwiciS' Clint' Gutlirie, 

Joseph Eli .'Hanson. 

Ernest Hardiker. . 

Alan; Hay thornthwai,te,.,B.>Sc. ■ 

Thonias John Hitchcock. 

Harold Ilousley, M.Sc. 

.Owen Ehys Howell, B.Sc. 

WT'll.iam Eai:i' Hughes. . . , 

Herbert Spencer Kipling. 

Thomas 'Williamson Kirkwood, B,Sc. 
Kumujchandra '■ . Ghelabhai ■ ALaiwala. 


llaruld Dawrence. 

K I’H lu'is diaries Ta'wis , ,B. Sc. 

Ai'nolii ISradley l/owndes. 

William Jackson Lund, M’.Sc. Tecli. 
.Vrchibald Bruce . iVlacallum. 

Alfi'ed Berti‘am Majin, 

Elia.s "jMendoza. 

John Eichard M'.orgaii, B.Sc. '■ 

Arthur Macdonald AlnnrO', M,. A. 
Tlieketh Kumaran ' Nair, B.A.', B.Sc. 
Robert Atkinson Oddy, 

. Ho.race Finningley, Oxley, ILA- 
. Henri Marc 'Pezzani. , 

'Ba.vid ' John .'.Prichard' Phillips, B,Sc.. 
Tudor . Williams, Price, 'B; A. 

.'Itobe'rt 'B.ay,, B.Sc;.,;'.'; 

■Ferdinand.' Proques. ,'!' 

■Alfred 'Ulrich ; Max.. 'Schlaepfer, B.Sc. 
Tech. 

William Leonard (Scotcher. 

Harold Pethick iShilston. 

Snow Blagbtirn Tallantyre, B.Sc. 
George Taylor. 

John Cameron Clarke IXylor, 

Hugh A rwel Thomas, B.Sc. 

AlbeH Edward Timmins 
John Trotter, Al.A., D.Sc. 

George Johnston Twine, 

Leonard Ellerton Vlies. 

Glen Eaymond . Wakeliam,' B.Sc..;, ', 
Godfrey. W^arburton. 

■Harry Wignal!, ' M..Sc. .' .■ 

.A;rthur Wiiliam, Willis. 

Charles': Edm,un(i ..'Wood,;. M.Sc. ' 


." Professor' ' the , II on..'', E.', J.aBteutt," :F,EB:r,''.;,the.n.' xlelive:r'ed ' b-'is'. 
lectiire,' ' 'erWitied,... hEecenfc "S'txidies; ■oh..':'^0tiVef Nitr.oge^^ . A' .vote .of 
tiiauks proposed by Dr. A. Scott, seconded by Professor blNDLAY, a-iid 
supported by the President was carried with acclainatiiHi. 
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. ANNUAL GENERAL MEETING, 

The Aiiiiiial Geiie-'ral M',eet.iiig' will be-lield on Tliiirsday/llarcli 
21st, :1918,' at 4.30 , p.m,, when' the ■ President ' will deliver liis 
Address. There will be an' .Informal Meeting the same evening after 
the conclusion of the formal business of the Ordinary Scientific 
Meeting to be held at 8 p.m. The Council will gladly welcome 
assistance from a:ny Fellows who are able to increase the scientific 
interest of the Informal Meetings by showing experiineiits or 
apparatus, and. all offers of such assistance should lie made to the 
.Assistant Secretary not later than the .Monday' previous to the 
meeting'. 


: library. 

I. 'DoNat'ions. 

;. M'o.obe, Ha.kold. Liquid' fuels, for internal ■ combustio.ii ' engines. 
liOiidon "1918'. ,pp. ' XY + '200.. .: ' 1 2,y. . M. -'iiet . (Eec/L ' 6 / 2 / 1 8 . ) 

..From.. the Publishers':. Messrs. Crosby, Lockwood and Son. 
..... Remington, J'.oseph: P,., and .Cook, E. Fullerton, i The practice 
of .pharmacy. .' A .treatise on the modes of making 'and dispensing 
oificia.I,. 'tinofficial, and ' extern pora'iieous preparations, '"with. ' descrip-, 
tioHB' of' medicinal substances, their- prop-erties, ..uses, ' and., doses. 
Gth edition. Philadelphia 1917 . pp. xviii-f- 1987. ill, ' M)g, net. 
(Eatd. 8/2/18'..).' 

From .the- ■P''Ublis'hers'’: .'Messrs.. The J. ,B. Lip'pin colt 'Coin pany. 
';' .'..ISmith,'. G’Eorg.e. The laboratory, or- school of , a.r.ts.' ,A variety 
'of curious a.nd 'valuable e-xperiments in refining, . ' . . ..choice secrets 
o'f' ', Jew.ellers'., . .casting,', r the ' art'.', of ■."'making glass,' etc. 
.'■'.[Co'inpile-d from 'German and other 'foreign V;,a'uthors.],'' London „173'8, 
'pp.: ,x ,+'24'2 + vi.' (Reference.) ' 'From vDr.,, E'. F,. Armstrong,, 


Bp Fur chase i 

and,, Becpm.be, .''L,'.^. La ■ statique ,'des, ' fluides ,"la 
liquefaction des gaz -et i\industri6' dii ■ fro'id. .'(Eiicyclopedie .'de 
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science cliimiqiie appliquc^^. ' Vol. 7.) Paris 1917. ill. {)[>. 

265. I'ix. net. {Jtecd, 1/2/18.) 

Calvert, Gascoigne" T. ' Tlie manufanl.iire of sul}>!iate ol‘ 
Riiirupiiia and x^rude ajninonia,, /2iid editioii,^^ ,Londoi,p 11)1/.^^ 
vii - 15:). ii1. 7x. (k/, net. {Rvaf. 13/2/lS.) 

" Christopher, ''Modern 'coking practice. • I,ncludin,g: 

cxnaiysis' of. m.a;berials, 'and .prqdncfe.. b.y^ , Thomas cHen'itv ..B'y:ia' 01 vl 
2nd edition. London 1917. 2 vols. pp. xli-i-lOG, 124 ill. 15x. 

net. (/Lrd. 13/2/18.)' ' . , ./ 

Ditmesny, P., and Noyer, J. Woodproducts, distillates and 
exlracls, Ti'anslaleil by Donald Grant. London 1908. pp. 
xyi ; 320. ill. lOx. Gr/. net. {Reed. 13/2/18.) 

Goulding, Ernest. Cotton and oilier vegetable fibres: ibeir 
prod iictioii and ntilisation . Loud on 1917. pp . x q 2 3 1 . ill. Gs . 
:netL/',(J?^cY/. 13/2/18..) ' 

Jones, ILaery C. The natnre of solution. With a biograpbical 
sketch by E. Emmet Reid. London (printed in the U.S.A.) 1917. 
ill. pp/NxliiLSSO. 12.S. 6 {Reed. 17/12/17.) 

Loeb, Jacques. The organism as a wb ole from a physico- 
cbeniicaL viewpoint. . New York'1916, -pp.' x-f- 379.:' ' ill., , 12.<f. Qid . 
net. '■ {Reed, 

Lusk, Graham. Tbe elements of tbe science of nutrition. 3rd 
edition.' ' Rbiladelpbia'/dJlT. 5 -'pp:-' -filL 'net.' '''{Reed.. 

■,13/2/'L8.:.')' L .. d ' 'l 

-Millikan, '''Roberta Andre'W-'S. Tbe 'electron, its ^'isol. at ion, ,and 
■ .nieasiDreinent, 'and dbe.'V'determination of 'some" of it's 'pr'pperties. 
Cbicago 1917. pp. x:ii4-268. ill. 7,v. net. {Reed. 13/2/18.) 

^:()'S'T'lrA;tD, ' Wole'C4AN,Gx ' "An introduction to theoretical and 
a,pp,l,iedf’' idiemistryv,.''' / Trabslated by Martin FI . EisonEP ' 
New York 1917. pp. xv+232. 'ilL^ 'lLs*. fk/. net. {Reed. 
13/2/18.) ■ ' v;'' 7\ '/t^^ './c;.;; 

PiCKKiiiNO, Geohoe E'enwick,. Aids do the commercial analysis 
of oils, fats, and their commercial products! A laboratory band' 
book. London 1917. pp. viii-f 133. 1 h . M. net. {Reed. 13/2/18.) 

Price, William:^ ',B, 7 ' and ’.'Meade,, , 'Ri'CHAhb" K.. Tbe 'teclrnical 
analysis of brass and 'tbe' non-ferrous alloys. 2iul edition. N<*\v 
Y-ork' 1917, IB**.' 6c/: net. 

: ■ ScHEE'ER,, 'Robert. , Casein, 'its 'preparation and technical iitilisfi- 
tio'n.'"' "Translated' by Ohaeles Salter." ' 2nd edition. '..'Loodoii, 
1911. pp, xi 4- 182." ■ ill. ' '.neL'^^ (7/ca/. 13/2/1,8.), ■ 

., Schuster, Arthur, and ■Shipley', .Arthur. E. d B.i-itain'k,; 
Heritage of Science. London 1917. pp. xv4 334, ill Sal 'GJ. 
net. {Ried. 13/2/18.) 
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TocrNOLi'j' 'E dgaiido. ■' ' -E'eag’ents' ■ 'and reactions. Translated by 
(j. ' Ainswokth' M.,nrcMELL. . ■■ ■■London .1918.: ■:.■pp^ .yiil +,'228. ■,.■ Qs. net. 

Viin.AVECCH£A', ;■'■ ViT'TOuro [k ■ others].:- : 'Treatise ' on .■ applied 
analytical ■■ che'rnistr j.' " ' Methods and " standards" ' for tiie chemical 
analysis of . the ' |:).ri:iici pa'l , ■i'ndiistrial ■ and ^ food products. ■■ ^ Translat.e'd 
by ThomA'S. 'II. ■ 'Pope, ; ■ Vol. 1 . ■ ■London, : ■ pp. xvi' -f- 475 . ■ ill. 
■2L. net. (^^^ 7 : 7 /. 13/2/18.) 

Ullmann, Fnrrz [Editor j. Enzykiopadie der tecliiiischen 
Cherriie. Vols. I to 4. 'A. to Ess.igather. Berlin 1914—1916. 

ill. pp. x + 814, 800, 808, 791. (Itefcrtnci'.) 

Wallis-Tayler., ■ aV. J. The .preservation' of wood. A descrip- 
tive treatise on the processes and the mechanicar appliances used 
for the preservation of ’'.wood. '■.London 1917.'' ■'■ p.p..':xix-|- 344. ■ ill. 

'W ARNES, Arthur.. R;. ■ Coal ■ ta'r..'dis'tillation, and w.orkiiig up' of 
tar prod nets. 2nd edition. London 1917. pp. xii-p302. ill. 
Bk. 6^/. net.: 13/2/18.) ■. ■ ; 

; .Zb.I'GMUNby, Et CHARD. The-.: chemistry' ■' o.f,,' colloids.,'; Part ',1. 
'K'olloidcheinie, by R..:Z.',/'t'.ra:nslate..d'by Ellwood: B,. Sp.ear. ' 'P'a.rt 
II, Indiisirial colloidal cliemistry, by Ell wood B. Spear. With 
a chapter on colloidal chem sanitation, by John Foote 

'No,rton. ' New.. York ^ 1917. ' '"pp.- Adi -i-'288: 13.v,. ' M. :net. '^'{Eecd^ 
13/2/18.);'../'; 

111. Pam'phleisd 

, , , ;SoiENTi,'Fi G AND'' , INDUSTRIAL ' .Re'search, ' Committee : of the Privy' 
.Co'imcil 'for. Reports- . for- ■. the ' years ;1915-“-1916 ;:'aiid 
1916— 1917. .' Londo'n, 1916. ■ ;p 

;■■, ■,',Sci.e'ntifi,g; an,d' Industrial Resear'gh", '.Committee, of the Privy 
Conned! ■ for../ ;,Re,port of '.the Fuel .Research, Board on their sch'eme 
of resea-rcli "a'lid.: o'n . the -establishni-ent of' 'a' Fuel Research Station. 
London 1917.. .p.,10. 

Boi ENT I e;i: c and Indu steial Rese,ar.ch, .Departm ent of . ■ Science ' 
and Industry, a series of papers bearing on 'industrial research. 

:. 'Number:,' 1./,; Industrial ''research ■'' in ,';th,e ■ IJnited ■States^ .of, ■■.America. 
By A, P. M. Fleming. London 1917. pp. viii-f 60. ill. 

Shaw, Peter, and Hauksbbe, FruNcrs. Proposals for a course 
of chemical exi)eriinents : with a view to practical |>liiIosophy, 
arts, trades, and business. London, May 12th, 1731. p. S. 

,■'■ ■Travers,.,,,,,. ■.MouRts ',' W..,,,^,,Gupta,;'..'N'.;' ','M.',''''',,and., Ra.'Y:,''' ''P.l C., ,■■, ■Some 
compounds of boron, oxygen, and hydrogen. liondou 1916. pp. 
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Wahi.j Robert. New scientific conceptions and tlieir' applica- 
tioii to^ €|iialifcy and nietliods of preparing beer. Collated from 
four lectures clelivered before the Master Brewers’ Association of 
the United States. (From Amer. Bre to ers^ Eev,^ 1915.) ,, 

" Zaiibonini, Ree'ruccio. , Snlle soluzioni ■ solidoj dei composti di 
calcio, stroiizio, bario e piombo con quelli delle ^‘terre rare” e lose 
i,inportanza per' la Mineralogia' Obimica. (From the Eivista Min. 
e Grist. Ital, 1915,, 45.)'' 



PROCEEDINGS 

OF TKB 

CHEMICAL SOCIETY. 


Ordinary' Scientific Meeting, Thursday, March 7th, 1918, at 8 p.m., 
Professor W. J. Pope, C.B.E., P.R.S.,' President, in the Chair., 

The President referred to the loss sustained' hy the Society,, 
through death, of the following Fellows: 

Elected. 

'Arthur' degg Bowdler ... ... ... .... ... .April 20th, 1865 

Egerton Hargreaves .May 6th, 1909 

Edmund Arthur Letts... .....Feb. 6th, 1879 

' Messrs. 'G, Taylor, J. R. Morgan, T.'.W. Kirkwood, and G* War- 
burton were formally admitted Fellows of the Chemical Society, 

The names of the Fellows recommended by the Council for elec- 
tion" as Officers' and' as^ Ordinary Members of 'Council for 1918-1919 
'Were rea.d" from 'the 'Chair. ' ■■■ ''' •' 

.The President' 'announced; that^ 'owing; to the need 'for, econo,my' in' 
the use of paper/the Council had decided not to provide each Fellow' 
with a copy of the Report of Council, but that any Fellow wishing to 
consult the Report could do so by applying to the Assistant Secretary. 

Certificates were read for the first time in favour of : 

B:,'So'.,;247,. : John Street, South;,Shi^^ 

>,'''' Yj^^JHodth,;,18,'':l^ 

Stanley Dixon, M.Sc., 17, Morton Terrace, Gainsborough. 

::'V 'Hughes, v63^;,:Gp|dmgtbn; 'Bedford 


Died. 
Feb. 17th. 
„ , , 14:th 
,„'',mh. 



Stewarfc Roy Illiiigworfch, B.Sc., A.K.C,S., Fern Villa^ Cliesham Bois, 
Ciieshara. 

Oeorge Jolinson, 4, Birch Grove, Weaste, Maiichester. 

Robert Duncan, Masson, 13, Westbonrne Grove,, West Kirby, Birkenhead. 
Harold Scragg, Post Office, St. Anthony’s, Newcastle-upon-Tyne. ,. 

David Dryden, Spence, Bisca, Woodbine' Avenue, Gosforth, Neweastie- 
iipon-Tyne, 

William Edwin Upton,. M.A., 663, Leigh Boad, Leigh. 

Thomas Wallace, M.Sc., 307, Beaconsheld Street, Newcastle-upon-Tyne. 
Henry Worth, 70, Vyner Street, York 

A Certificate for election lias been anthorised by the ■Council for 
presentation to ballot under Bye-law I (3) in favour of: 

Govlndra Chandra Das, B.Sc., 20, Sunker- Ghose Lane, Calcutta. , 

Tbe. following papers were read:,-.- 

' Atomic :and molecular numbers/^ By 'H. ' S. Allen. ■ 

'tTh© alkaloids of ipecacuanha. ■■ Part By F. L. Pyrnan.,',, 


Ordinary Scientific Meeting, Thursday, March 21 sty 1918, at 8 p..m,, 
Professor; W. J. Pope,',C.B.E.,' F.R.S,; President, , in the ,, chair., ' 

The Peesidbnt referred to the loss sustained the Society, through 
, death on February 22nd, 1918,- of. Mr. 'Thomas Charles C,loiicI, who 
was elected a Fallow on , February 7th, 1878, 

„ Certificates were read for the first. time in favour .of : ' 

Wilfred. John Brizeil, 20, Cromer Drive,. Wallasey, Cheshire, 

.James Scott Dick, B.Sc., 93, Welimeadow Boad, Catford, S.E, 6. 

„„ John, Henry Freeman, '2, Park Boad,' Stratford-le-Hope, Essex. ' 

Archibald, Edwin Goddard, B.Sc.,/* The Osborne, ’.’’ Irvine..; , 

', Robert John Hughes', B.Sc., Lakefield' House,, Llanelly*. 

.Harold 'Thomas Islip, A,I.C., ** Stilton,” ; 'St. ' :Mark’s Boad, ' .Maidenhead. ; 
Georg© Turpin Moore, B.Sc., 19, Neale Street, Boker, Sunderland. 

'tieorg©^^ '^ B.Sc., . A.B.O.S. ■ ** Gienmoref’ Balcombe, Haywards 

..Heath. 

William Charles Peck, 20, Bassano Street, East Dulwich, S.E., 22, 

Arthur Nutter Smith, 47, North Boad, West Bridgford, Nottingham, 

John Henry Taylor, 56, Highbury, Newcastle-upon-Tyne. 

'■''/’Tho'jnas''':®^ .Queen’s. Road, Buckhurst Hill, Essex. ' ; 

.. AugtmfcilSvAainee.'.j^rrefij'lX^^^^ Road, Bournem.outh. . '. ■ 

' Arthur' Roberi/:.' Wa^ 47, Cranhro.ok.. Avenue, Cottingham Road, Hull. ■; 

The ineet'ing.. :th^^ th'e Informal ' Meeting,. declared.' 
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HUGO MULLER LECTURE: 

The next Ordinary Scientific Meeting will be held on Thursday, 
April, IStli, 19 iS, at 8 p.m., when Sir Henry Miers, F.B.S., will 
deliver the Hugo Muller Lecture entitled : ** The Old and the Hew 
Mineralogy;’^ 


ADDITIONS TO THE LIBRABYr 

1. Donatiom. 

Kingzbtt, Chaeles Thomas, Chemistry for beginners and schoolboys. 
2ttd edition,,. London 1918. pp. vih+lSO, 2s*. 6d. net. (Eecd. 
15/2/18',.) ■ .From the Author. 

Pilcher, Richar,d ,B., and Butlee-Jones, Frank. ' 'What industry 
owes, to chemical science. London, ,1918. pp. xiv + 150. 3s. net. 

(Beod.,' 14/3/18.) ' , From the Publishers :■ Messrs Constable & Co. Ltd. 

, Worden, Edward . Chauncey. .■ 'Technology , of cellulose esters. 
Vol. ''"VIII, , ' Carbohydrate , carboxyiates (cellulose acetate), ' ■, ■ New 
York.lfiHI pp. xxxvi-f 2501-3078111. $5 net. , 1/3/18.)^ 

From the Aiit'hor, 

II. By Pu7'chase. 

Bingham,,. (/H,arles. , .The manufacture of -carbide' of calcium.' 
London 1916, pp. iv + 219. ill. 7s. 6d, neb. (Becd. 7/3/18.) 

..Friend, J’.. Newton [Editor], A te.x.t-book'o!' inorganic ' chemistry:, 
:Vo'l,, Y. t . Carbon . and 4 ts allies. ,, By -Robert..' . Ma'RTIN ' Gayen. 
.London' .19 17:-^' pp. 'xxi + 468. 15s.net.- (Befereme.) 

'1I.bb7"btr,,' (lusTAv. ' . Technologie der Fette imd- Oele.'' VoL', II. 
Berlin 1908. pp. x + 974. ill. '■'(E^cd. 23/2/18.) . 

J'ell'INEk., Karl. Lehrbuch der p-hysikalischen Chemie. ■ Yol.'IL 
Btuttgart 1915. , pp. xii-h:939.,' YIL, -(B{?cd. ''27/2/18.), 

."'Martin,', ,Ge'-oepbby. Industrial ' and. manufacturing :c.h-em,ist'ry. 

', Part -'ll. Inorganic.,. ' 'YoL ii.: London. 1917.' .pp. '. xvi,'4-'482., - '111, 
-2.55. net.: '(Beod. 13/2/1,8.),'' 

III. Pamphlets. 

Backer, Hilmar ,■ J o-,hannes.. .Qiide ,, chemische^' . w^erktuigen"',; ..en 
'l'abor,a'to'ria-,wan- ,-Zosim Boerhaa'va. "Groningen-' 1918..-' ,,'pp. 68. 
„':'.:';.,",:"BpS'w,'B'LL, "P. ' A' -supplementary 'm,ernGir, .o-n-' British 'resources,'. 

'Af'S^nds and' rocte:',':'Used'- in 'glass^-manufacturei^^Yirith. motes ': bn, 'mertaiii 
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refractory materials. ■ With contributions - by W. B. WrighTj Hen by 
Fbancis HarwooDj and ’Arthur Alfred Eldridge. London 1917. 
pp. 92. 

Chapman,, 0. E. Bonedust: its adulteration, with, phosphate rock 
{S. Australia, DepL of Ghem, Bull., 1917. No. 9). 

Eastman Kodak Company. Abridged scientific publications fro,m 
the Research Laboratory. Vol.' 11. 19 15-1 9,1 6L, Rochester, New ■ 

York/ 1917. pp, 134. 

Ghosh, Jnanenbra , Chandra. On a new 'method of preparing 
colloids. (From the licp. Rssoc. 1915.) 

Hargreaves, William- Arthur. -Lecture on ' -chemical research, in 
relation to industry. Adelaide 1917. pp. 35. 

, Hendrick Jambs. The growth, of -International - trade 'in- -manures; 
and foods. (From the Highland and Agric. Boc. Scotland.) 

, 'iM/PBRiAh '-- 'Institute. -- Zinc 'ores.. .- (Monographs-, -on ' mineral' 
'resources- with, special reference 40- : those of , the British Empire). -■ 
London 1917. pp. 64. 

Moir, James. Colour and constitution. Part II. The spectra of 
the mixed phthaleins and of the sulphone-phthaleins. (From the 
{Minutes of] Boy. Boo. S. Africa. 1917.] 

SosMAN, li. B., and Hostbttbr, J. 0. The ferrous iromcontent and 
magnetic siisceptihility of some artificial and natural oxides of irons. 
{From the Btdl. Amer. Inst. Min. Eng., 1917.) 

- — — Zonal growth in hematite, and its bearing on the origin of 
certain iron ores, (From the Bull, Amer, Inst. Min, 1917.) 

Speig,gb, E. J., and WEm,,', a. B. ■' The ■ digestibility of bread made- 
from two. parts of - wheat and 'o-ne part, of oats,, barley, maize or rice. 
(From' Ths Lmicet, " 

WiNTERBOTTOM, D.' C, Gypsum' and plaster 'of Paris., (S, AustraMay 
De^pt.ofChrnLBm.yimyHo^ 



PROCEEDINGS 


OP THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Tiiursday, April IStla, 1918, at 
8 Professor W. J. Pope, P.E.S.,' President, in tlie 

Chair. 

The President referred to the- loss .sustained hj the- Society, 
through death, of the following Fellows : 

Elected. Killed in Action. 

Leonard leon Pitt ... ... ... Nov, 15th, 1911. July 30th, 1915. 


- 'Died.'" 

Mar, 30th. ' 

Mar. '.24tli, 

Mar. 22nd. 

.'Jan. , 

April 'Otli.:'.' ■ 
April 9tilL ' 

■ It was aiinou,iiced that the following,.C'onimitte6s,for' 1918—1919, 
had. been appointed "by the Council ; 

Fhmnce E. --6. . -Hooper, ' -6. -.'T, , Moody, , Sir 

E. Thorpe, Sir William A. Tilden, and the Officers. 

House - Messrs.: ^ Messel,' .!.,: E-,- Reynolds, Alexander':' 

Scott, J. M. Thomson, Sir William A. Tilden, and the Officers, 

'' 'X^Smry'' Commf it ee.— Messrs. 'B. Dyer,-;,' W'l'-Gowlan -Harden, 
,;J]::T;.'Sewitt,-'-C-,::-A-.lEeane,;:A--.Hv;'^Idn^^ 'M. Tho-m.-- 

son (chairman), Sir William A. Tilden, J, A. Yoelcker, the Editor, 
and the Officers. 

■ lA-.,, ,y.:-Ghaston-;.^ .-Chapman,.,- : : :'--A. ' 

::-pard^j-;::Tr'A.';:H^ 'Morgan,, '.FV'Hv.PyiOan, 

;Mekan^0r,:';:Scc^,;':^ 


Elected. 

Edward Francis ... Bee. 18th, 1879. 

George Tlioinas Glover ... ... Jan. 18th, 1872. 

'Henry' Jamas Helm, : ' .y, Jan.' 18th-, 1872. 

William Joel Kemp ... ... ... May 4th, 1882. 

Joaeph Brice . Bemingto-n .... ,... . Ju-ly- I7th, 1886. 

Allred, -.Gordon. '-Sal'amoii , ... -. ... Feb. IQth, 18-80, 

Edward' ; Camming ' Thompson.' , ... - ^ .June ,7th, ■1894.- ,' 
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Eeaearch Messrs. E. C. C. Baly, 'F. H. Carrj 

D. L. Ciiapiiiaii, H. J. H. Fentoti,' P. 8. Kipping, A. Lapwortii, 
W. II. Perkin, Alexander Scott, J. F. Thorpe, W. P. Wynne, and 
the Officers., 

Messrs. M. ScMaepfer, H, A. Thomas, and W. B. Cr addon were 
formally admitted as Fellows of the Chemical Society, 

Certificates for Election 'were read for the first time in favour of : 

George Henry Howland Barham, 74, Kensington Avenue, Manor Park, K.1.2. 
Homy Aldons Bromley, The Willow, Cambridge Hoad, W. Wimbledon, 
S.W.19. 

Joseph William. Bell, 130, Manchester Hoad, Burnley. 

. Albert Eric Cashmore, 32,' Vicarage : Hoad, . Smethwick, BO., Staffs. ■ 

' \H'ubert.' William. Bailey, 19, Beverley Hoad, Anerley, S.E. 

' .Artbur;; Broughton Edge, Tudor. House,- M-aidenhead. 

■ Francis '.William,, FitzGerald, -128, Earihani' Grove, Forest Gate, E.7.. 

Kaliiii Mohan Gupta, M.Sc., Panposh, B.N. Bailway, India. 

: . Fu'nst Johannes -Bartimg, M.Sc.-, 9, -Olendmrg. -Grove,. Malvern,- Mclboui ne, 
■".Australia. '',.■ 

Ben liOcl^Bpedser, M. A., 21 Thornby Hoad, Clapton, E.5. 

Edgar Newbery, D. Sc., The University, Manchester. 

Edward Ghuston Powell, 39, Lombard Street, E.C.3. 

Bunar Ivar Olsson-Sefier, 1, Hoyal Exchange Place, CalcuUa, India. 

Alan Speedy, 81 Burges Hoad, East Ham, E.6. 

John Thomas, B.A., D.Sc., Solway Dyes Co,, Humell Hill Works, Carlisle. 
Hubert Charles Siegfried de Whalley, 18, Brandram Hoad, Lee, S.E. 13. 
William Whyte, 98, Kirkmanshulme Lane, Longsight, Manchwter. 

Samuel Walter -Woolley, 58, North 'Hill, Highgate, .N. 6. ..■ 

A Certificate for Election has been authorised by the Council for 
presentation to ballot under Bye-law I (3) in favour of : 

William Jay .Hale, University oF -M-ichigan, "..Ann Arboir, -Michigan. ' - 

'. -The 'first, of the ..Hugo. Miiller' Lectures was then delivered 'by Sir 
.Il'enry Miers, F.R'.S.,.'w,ho' dis-coursed on ''The ■Old and tlie 'New 
-Miner ,aIog.y.'^. ' . A vote of thanks -to "Sir- Henry ■ Miers ■ f or ' his ^Lecture 
was propo-sed ■.by .Professor' Arms-tron'g . and', seconded by 'Sir" 

William At Tilden, acknowledgment being made by the Lecturer. 


v-ORBmARy scientific' '.meeting. : - ■' - ' ■ 

The next Ordinary Scientific Meeting will bo held on Thursday, 
'- '"May; 2-nd"-a|';-8':.|>.m-:., ^ a -ballot -for 'the. 'election of ' Fellows 
be held. 
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INFORMAL MEETING. 

The next Informal Meeting .of the Society will be held on Thurs- 
day May 16th, after the conclusion of the formal business of the 
Ordinary Scientific Meeting to be 'held -at 8 p.m. 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in June 
next. Applications for grants, to be made on forms which can be 
obtained from the Assistant Secretary, Chemical Society, Burling- 
ton House, W., must be received, on or before Monday, June 3rd, 
1918, ■ 

All persons who received grants in June, 1917, or in June of any 
previous year, whose accounts have not been declared closed by 
the Council, are reminded that reports must be returned by Satur- 
day,' June 1st, 1918, 

The Council wish to direct attention to the fact that the income 
arising from the donation of the Worshipful Company of Gold- 
smiths is to be more or less especially devoted to the encouragement 
of research in inorganic and metallurgical chemistry. Further- 
more, that the income due to the sum accruing from the Perkin 
Memorial Fund is to be applied to investigations relating to problems 
connected with the coal-tar and allied industries. 


- ADDITIONS TO' THE LIBRARY. 

I. Donatiom. 

, Blasdale, Walter C. 'Principles of.' quantitative ■ analysis. An 
.introductory course. • 2nd' -edition, ' Lond.on 1917. ' .pp. xii+' 4,02. 
ill;' 10's.-6^f.:net.--. 

\ From' the. Publishers.:.". Messrs, :','Con, stable- and .Co:,' 
Gowland, . William., ■ ' The metallurgy ''-of. "the. non-ferrous', .metal's. 
'2nd' 'edition. ' London 191'8,'Vpp. ■' ' xxx'.i+ 588. ill 25«.. .''net, 
{Eecd, 27 From the Author, 
'..;-.'';'''''MACLEAH,r;'H0GH, ' .-.Lecithin ...a.nd .'nllied substance', . , ..The .--lipins,;- 
London 1918. pp. vi-}-206. 7s. M. net. {Eecd, 26/3/18.) 

From the Publishers: Messrs. Longmans, Green '-and.' Co., 
JO'SiAH, '■ ;■ ,'. ABC five-figure . logarithms"', and 

equivalents, 

/-ahSlytical ■ .'factors, , 'gas ' reductioti’'' 'tables, '"and other ' tabl« - 'Useful 'in 
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clieiiiical laboratories, New edition. London 1917. pp. 76. 3s. 

net. (Reference.) 

From tlie Fublisliers: Messrs. E. and E.' N. Spon, 
II. By jPurchase, 

AbbLj EmIl, Hypochlorite iind ©lektrische Bleiche, Theoret- 
ischerTeil. (Monograph, angew. Elektroch., vol. 17.) Halle a. S. 
1905. pp. Ill, ill. " . 

BeckeBj H. Die Elektrometallurgie der Alkalinietalle. (Mono- 
graph. angew. Elektroch., -vol. 9 .) Halle ,a. S. 1903. pp, 135,. 
ill. . 

OowPEK-CoiiES, Sheraeb. Elektrolytisches Verfaliren ziir' 
Herstellung ' paraboHscher Spiegel. ' (Monograph, angew. Elek- 
troch.j vol. 14.) Halle a. S. 1904 , pp. 17. ill* 


OEETIFICATES ' : OF CANDIDATES ■ FOR ' ELECTION ' ' AT^ 
: : the BALLOT TO ' BE HELD ^ AT THE 'ORDINARY 
, ' MEETING ON THURSDAY,. MAY 1918/ 

N.B.— The names of those who sign from ‘‘General Knowledge 
are printed in liiriZics. 

Anderson, George Edwin, 247/ John Williamson Street, South Shields. 
Works Cheruist. Walker and Wallsend Union Gas Company. 1st Class 
Hons.,,. Oxford Senior (including Chemistry)' three years Awnstrong College,' 
Durham University ^ Bachelor of Science Degree (Chemistry and Geology). 
Engaged in Besearch and Supervision of Plant for Benzol Becovery. (Signed 
hy) P. 'Phillips Bedson, J. ,A. Smythe, .'F. G,.;- Henders.on, fsedenek Bink&y 
Jr 1\ Dunn, . 

„ ; .Best, ,:Tkomas, Thomrson, ■, Ph.D..y '■ ‘■‘WoodleigV, ■ ■ Laurel,.' Road, ''St. Helens., ■, 
Alkali Works Manager. 1883-6, three years^ Chmnical Course at Victoria 
University under Profs, Boscoe, Schorlemmer, and Balfour Stewart. 
Claisen Prize of £26 for research on ‘‘The Spectroscopic Determination of 
the Fixed Gas^ in One Another.” 1886-1888, two years at Erlangen Univer» 
sity under Prof. Otto Fischer ; obtained degree of Ph.D. for research 
“Ueher das Oxthoanisidin,” 1888-9, Lecturer in Organic and Applied Ghemistry 
at Manchester Technical Schools. 1889 to present, Chief Chemist and 
Manager of the Hardshaw Brook Works of the United Alkali Co., Ltd., St. 
Helens. Since 1892 I have brought out the following Processes and 
Patents : — Apparatus for Elevating Corrosive Liquids j Patent No. 17593 ; 
1^4. Apparatus for Drying Crystels : kept secret. Apparatus for Slaking 
Lrfim ■Burhing,,.,.PyrlteB ,Pateht: 

No. 7915; 1905. Process for making Calcium Chloride from the Waste 
Liquors; ;of;:th'e^^;C|ljl»ali;':o|i.,;;^^ ".kept ,„„s'ecrst.,' '"'/.^rocep. 

ria3iufeturihg('CM6p|e':||c||^^^^ 
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1894. Improvement in the Manufacture of Chlorine ■: Patent No,. 13461 ; 
1896. An impi'*oved Process for the Manufacture of Matches : Patent No. 
104015; 1916. {Signed by) J. ,W. Kynaston, John ,W. Tcwers, H. A. 'Auden,, 
A. Holt, E. C. C. Baly, A. J. Squires, /. B, Wtgner. 

'Blackburk,' RtTBOLPH ISAAC, '8, Buulace Road,' Clapton, .London, E.5. 
Analytical and ' Technical Research Chemist., B.A. Hons., Cantab ; ' B. Sc. 
Hons., Loud.; 1st Class Hons, in Natural Science>s Tripos, Part I., 1910; 
2iid Glass Hons, in Natural Sciences Tripos, Part II. (Chemistry), 1911; 
1st Class Hons, in Chemistry in B.Bc., Bond., 1911. Formerly Lecturer in 
Chemistry at Tottenham Polytechnic. For three years I was on the Technical 
Sta,ff of Messrs. Boult, Wade and Tennant, Chartered Patent Agents, where 
I was engaged on chemical work in relation to patents. Since 1916 I have 
been engaged as a Technical Research Chemist at the Osram -Robertson 
Lamp Works, Hammersmith, W* (Signed by) Joseph >S. Bridges, W. J. 
Pope, H. J. H. Fenton, Ernest Fyleman, Horatio Ballantyne, 

Booth, James, 18, Wilfred Street, Derby. Chemist. Studied Chemistry 
under Mr. G. Guest, B.Sc. (Viet.) for six years. Qualified for the Scholastic 
Profession under the Board of Education. Assistant to Mr. J. W. Good- 
yere, B.Sc. {Lond.), Chemical Laboratories, Grimsby Municipal College. 
Chemist in employ of Staveley Coal and Iron Co., Ltd., Chesterfield. 
Chemist in employ of Messrs. Turner Bros., Asbestos Co., Trafford Park, 
Manchester. Chemist in employ of Clayton Aniline Co., Ltd., Manchester. 
Chemist in employ of British Cellulose and Chemical Manufacturing Co., 
Ltd., Spondon. (Signed by) W. H. Bentley, John H. Jeffery, Wrrt* P. 
Skertchly, H. H. H. Lorenz, Robert Dodd. 

Beide, Cyeie, 86, Ridgeway, Edghasfton, Birmiingham. B.l. (Oxford), 
2nd Glass Honours, Chemistry Finals, 1014; B.Sc. (London), 1st Class 
Honours, Chemistry Finals, 1914, Process Chemist, Messrs, Chance and 
Hunt, LM., from August, to September, 1916; Cliemist-in-Charge from 
September, 1916. (/S'fgfned R. E. Forbester, COiirad H. Rogers, F. P. 
Dunn, H. E. Smith, R. W. L. Clarke. 

Bbizell, Wilfeid JoHn, 20, Cromer Drive, Wallasey, Cheshire. Works 
Chemist and Analyst. Three years^ training (1906-1909) Liverpool Technical 
School; five years (1910-1915) at Municipal Technical School, Bootle, Lancs. ; 
Courses on Organic, Inorganic, and Analytical Chemistry up to Final B.Sc. 
standard; seven years’ (19i0~1917) works experience at Calthrop Bros., Ltd., 
of 56 Naylor Street, Liverpool, Manufacturer of Compound Feeding Cakes 
and Meals, where' ! was in charge ■ of the Chemical '"Laboratories, and;' waS' 
responsible for the large amount of analytical work and research' work under- 
taken. In July,' 1917, was appointed ■ Works Chemist and Analyst 'to 'Ahe 
Co-operative ' Wholesale Society’s African 'Oil .. Mills,. 'Liverpool, where I am 
in full control of all the chemical work (analytical and research) connected 
with oils and feeding cakes. Co-patentee for process for refining Cocoa Butter. 
(Signed by) Geoffrey Martin, C. Polychronis, W. R. Ormandy, 'Qeorge^.BenUr^' 

Eeitni, Giuseppe, Corsa Buenos Ayres, 55, Milan (Italy). Professor of 
General Chemistry at the R. Polytechnic, Milan, Formerly Professor of 
General Chemistry at the Dniversity of Padua. Investigations on various 
subjects in Physical and Inorganic Chemistry, particularly on Solid Solutions 
and allied subjects, (Signed by) N. T. M. Wilsmore, F. G- Dorman, Cecil H. 

Camfbele, Cowk, M*So., 45, Street, Alexandra Park. Manchester. 
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Assistant Lecturer and Demonstrator in Chemistry in the , University of 
Manchester. Part-author of the following papers: Photographic Analysis 
of Explosions in the Magnetic Field,” Ptoc. JR-S,; ^‘The Firing of Oases by 
Adiabatic Compression, Part I.,” Tram, Chem, Soc.^ with Prof, H. B. 
Dixon; ‘‘The Preparation and 'Analysis of ’Methane,” Trans, Aor., 

with Dr. A. Parker; “Conditions affecting Explosions,” J, 8oc. OliGm. Ind,, 
with E. L. Sellars. {Signed hy) Harold B. Dixon, Arthur Lapworfch, 
F. P. Burt, W. K. Slatei', Norman Smith, J. B. Myers. 

CuARK, Albert Henry, Ph.G., B.Sc., 701 .S, Wood Street, Chicago, III., 
IJ.S.A. Assistant Professor, Assistant Instructor, etc., IT. of I. School of 
Pharmacy, 1905 to present time, Begistered Pharmacist in Illinois, 1892, to 
present time. Chemist for American Medical Association, 1906-1911. Murray 
Nickel Manufacturing Co., 1907-1909. Member of the American Chemical 
Society, American Pharmaceutica)! Association, American Association for Ad- 
vancement of Science, Illinois Pharmaceutical Association, Alumni Associa- 
tions University of Illinois and University of Michigan. Member Committee 
of Eovision United States Pharmacopoeia. Ex -Chairman Scientific Section 
and Ex-Secretary Historical Section American Pharmaceutical Association, 
Ex-President American Conference Pharmaceutical Faculties. (Signed hy) 
Frederick B. Power, H. V, Arny, Virgil Coblentz, A. B, Lyons ^ ]fm. Jay 
[Schieffelm. 

Clarke, John George, 12, Bhodesia Eoad, Leytoiistone, E.ll. Works 
Chemist, Messrs. Boake, Eob arts and Berry. M.A. (St. Andrews) with 1st 
Glass Honours in Final B.Sc. Chemistry; Lecture Assistant, St. Andrews, 
1915-1918; /Besearch Assistant, St. Andrews, 1916-1918. {Signed hy) 
J. C. Irvine, W. N. Haworth, G. Bobertson, John Anderson, B. C. Menzies. 

Dick, James Scott, 93, Wellmeadow Bead, Catford, S,E.6. Besearch 
Chemist. B.Sc. (St. Andrews), 1912; Higher Standard in Chemistry (with 
special distinction)/ Natural Philosophy, and Mathematics; Berry Scholar in 
Chemistry, 1912-1913; Carnegie Eesearch Scholar, 1913-1915; Besearch 
Chemist, Besearch Department, Boy al Arsenal, Woolwich, from 1915. {Signed 
hy) Eobert Bobertson, J. C. Irvine,. W. N. ■Haworth, W.illiam S, .'Denham, 

, .Irvine Masson, W* . Howieson ■ Gibson, ; H . Bassett, . E. F. 'i, rmstrong, ' , ■ ■ 

Dixon,. 'Stanley, 17,. Morton: Terrace,- Gainsboroughs Chief ' Assistant to 
hlessrs; A. H. Allen and .Partners, Public" Analysts., Analyticab and Consult- 
ing, Ghem.ists, 67, Surrey Street,- Sheffield.- M. Sc. '(.Sheffield) A.'I.C.' \Sigmd^^ 
".fey),- W--"P. Wynne,- S. Ernest.Melliing,- W-.-E. ..S-.' Turne!i’,"John Ew-ns, Jas/T. 
Stevenson, Arnold E. Tankard. 

-:-'--DnG-GLEBY, .Frederick :Cb:arles,.'.87' -l^oughboro.iigh, -'Park, Bnxto.n,. -S.W. .. 
AnMytical, ■ Ghemist^^ ... To ' obMn ...'.your ■■scientific. ■' Htera^^ ^{Bigmd ' hy\'' 

J/ Langford Moore, Geo. -Goddon,-/G/, M..v Williams, H.: N. Davidge,' 
'if. S. Salamon: ■ ' 

Dymond, Francis John, 6 Lockyev Street, Plymouth. Chemist, Bachelor 
of Science (Bristol), Chemist-m-Charge, H.M. Factory. {Signed hy) F. 
.-Fra-ncia, ' J^;.. "W.', -McBai'n-, . F. ■ W.; . Bixon,-." H. '■ -W'. Cr.emer, - . J. , de' -Uarle .'Smith', , 
R. Barclay Craig. 

Edwards, Owen Charles, 46, Saxon Boad, Faversham, Kent. Works 
Chemist. B.Sc. (Wales); Chemist and Eesearch Chemist to the Cotton 
Powder Co. {Signed hj) Kennedy j; p. Orton, John 0. Hugh^, Harry 
Gollop, Alex. Findlayf Claude M* ThontyBon. 
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(Honoiirs Division) ; Oxford University, B.A. Degree, Final Honour School 
of Chemistry r King Edward YU.. Grammar School, Coalville, Leicester; 
Science Master, 1912-1915; Chigwell School, Essex,, 1915-1916; Liverpool 
College,' 1916-1917; Messrs. Chance and Hunt, 1917-presenrfc time.- (Signed 
&y) D. L. Chapman, H. A. Scarborough, Frank E.. Thompson, S. E. Forfemter, 

J. ' Eric Collington. 

Feeeman, John Henev, 2 .Park Boad, Stanfordde>Hope, S.IO. Chemist. 
OMef Chemist for Kynoch, Ltd., for the past six years. (Signed hjj) A, T. 
Cooking, H. M. Langton, N. A. Anfilogoff, Harold J. Page, F. B. Thole, 
.4. Dunstan. ■ ■ 

Galeaghee, Chaeles Eddie, The Vestry House, St. Magnus the Martyr, 
Lower Thames Street, London, E.C.3. Student, City and Guilds of London 
Institute Technical College, Finsbury, Leonard Street, London, E.C.2 Being 
a chemical student at the above-named college I am desirous of being in 
touch with the modern advances of chemistry; to be able to attend the 
Society’s meetings, and to have the use of the library- (/S'%ned 5y) G. T. 
Morgan, A. J. Hale, Percy Edgerton, William H. Prince, Eoht. 0, 
Urimwood, . , 

Gbake, Aethub, Eiistriggs, Dumfriesshire. . Besearch ' chemist. B.Sc. 
(Bristol) ; 1st Class Hons, in Chemistry, IBlO; M.Sc. (Bristol), 1911. From 
1911-1914, carried out research work for Board of Agriculture and Fisheries; 
from 1916 to present time, Chemist in the D^artment of Explosives Supply. 
(iStyned 52/) Hubert E. Page, E. Taberner, John Mitohley, Douglas Bowack, 
J, C. Burnham, Duwd 

Goddaed, Archibald Edwin, ** The Osborne Irvine, Ayrshire. Chemist, 
Hoble’s Explosive Co. Three years’ course at University of Birmingham; 
B.iSc. (Birm.); 1916-1918, Research and Works Ghemist with the above 
company. (Signed by) Wm. 11104001, Wm. Barbour, William Dickson, 
Edward Wheeler,,,, TC' W. , Price. ■ ' 

Gbbetham, Thomas, Finch Villa, Millom, Cumberland. At present superin- 
tending the manufacture of pig-iron to specified analyses (special hematite). 
Four blast furnaces. Training : private. Experience : For the last fifteen 
years chief chemist for the Millom and Askam Hematite Iron Co., Ltd., the 
largest producers of hematite pig-iron for the open market on the West Coast. 
"r(Sig'ned''.bt/)^^'B>. B.^Tatlock, R. T. Thomson, Alex. W. McLaren, IF.,, 
Thomson, 

.Hughes, BobBet' JoHNj^'Lakefield House, Llanelly. ' ' B.Sc. (Wales) ;, Trained 
at University College of North Wales,.. Bangor; B.-Sc.’ (Wales), '.1912. 'Final 
,, subjects Chemistry (Organic and Inorganic), aM ' .Mathematics (Pure 'and 
'Applied). Chemistry and^ Maths. 'Master, at Dunheved' College, Launc,eS'to.n, 
191^1915. , Since ^ Jan., ,1916,,'at : H.M. Factory I'^Chemist-in-charge of' Nitro- 
glycerine' and: Cordite 'P,aste, .Sections. (Signed by) ,:Walter; R.^' M'oore,, '' A. J. 
Leigh,:. E'., Vanstone, Ed.gar Lewis,,' E. ■ J..,.AMes. "' 

'Hhghes", Wiiliam,, 63,' G'oldmgtOn.Avenue, .'B'edford. ' ' Scho'olmaster'., ''Paper; 
, 'publi8h,ed, .Appleby , and Hughes', The-' Vapour,' Pressures of some ' saturated 
Aqueous Solutions” (T., 1915, 1798). Teacher of Chemistry in Bedford 
Modern School. (Signed by) W. H. Perkin, A. F. Walden, N. V. Bidgwick, 
,\',''F:''. ''..■Chattaway,':"J. .E.- Marsh, '.T.-'^'V.'; 'Barker,:' D;,''^ L. . Ch,apmaii., ' : 

Francis "EyEEiED>,''';F.I.C." {by' examination),' l,5,''"'Q'aikh:ill 
'' :''':'C^urt,,''' Eaet Putney, S.W.15. Part- author of: Behaviour of Wfieaten 
Flour towards Baker’s and Brewer’s Yeast” (/. Soc. Ohem, Ind,, 
1908 and 1909); ^^ToxiUs in Cereals” (/. Soc. Ohem. Ind., 1^9; /. Inst., oi 
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Bruving, 1910) ; “ Estimation of Lactose ’’ (Analyst, 1910) ; ” A Study ol 
■ Organisms causing ‘Ro'piness’ in Beer ami Wort”; “Action of Diastase on 
Starch Giamiles” (Tmns. GUm. Soc,, 1914); “Estimation, of 'Fentos© and,.. 
Pentosans” {Analyst, 1916); **An Enzyme Hydrolysing ftirfuroMs in. 
Barley” {fmm, Ghem, Soc., 1917). 'For the 'past thirteen years S.emnd 
Chemist to, Watney, Combe, Eeid and , Go. (Signed by) Arthur R. "Liig, 
Horace T. Brown, G. T. Morgan, ilrthnr Harden, Julian L. Baker. 

Illxng'WORth, Stew’^art Roy, Fern Villa, .Ohesliam Bois, Bucks. 'Chemical 
Technologist. A.R.C,Sc.; B.Sc.(Hons., London); A.I.G. I have' held the ,' 
following posts : Demonstrator, Bradford Technical College (3 years) ; 
Chemist, C.I.W. Dept., Royal Arsenal, Woolwich; Chemist, Gas Lighting 
Improvement Co., Ltd, (5 years); Demonstrator, Battersea Polytechnic; 
Lieut., A.O.D.; etc. Original work: “Turpentine Substitutes” (Proc. 
Paint and Varnish Soc.); “Origin of Petroleum” (Mining Magazine); 
“Removal of CSs from Benzol, etc.,” Brit. Patent; “The Go-operation of 
, Science and Industry,” Ohas. ■Griffin and S'Ons. (Signed by) Oliver Trigger,;',,: 
, 'M.'. <).'■ Forster,, Walter M. 'Gardner, Barker North, John,^ Wilson, J.,. L, White.' ■ ,. 
IsniF, Haeolu Thomas, “ Stilton,” St. Mark’s Road, Maidenhead. Analyti- 
cal ' Chemist."'. ' Cheraical student f or,, three ',ye'ars ., at,- Finsbury 'Technical. College-, ■ ■ 
London, sessions 1911-12 to 1912-15, Twelve months in charge of on© of 
Mexican Eagle Oil Co.’s laboratories. Associate of the Institute of Chem- 
istry.' (Signed hy') Thos. , MeLachlan,, ' G. T.',,',,„Morgan,',-, -'Arthur '- J.' ',-Hale, 

F. Senry Streatfeildg Percy Mdgerton. 

JoHHSOF, Geoege, 4, Birch Grove, Weaste, Manchester. Chemist to 
Messrs. Isaac Bentley and Co., Ltd., Manchester. Engaged in research work, 
analysis, and supervision of manufacture of Oils, Fats, Soaps, Paints, and 
Lubricants, and controlling and supervising the production of Glycerine; 
Been engaged in laboratory with above firm for 15 years, and desire to keep 
in touch with modern research and analytical work; (Signed by) "B, Prentice, 

E. Clark, 0. H. Martin, E. Green, i?. 

, ' Jtog, , .,, jtJUtrs, 14, Banci’of t , Road, E.l. , Student of. Chemistry , ' City and 
Guilds Technical College, Finsbury, B.C.2. Desirous of being in constant 
, , touch - , with '^^hemical- . literature,. /■ especially- . the , latest. , (Signed.' by) .;. G. T. 
,.Mo,rgan,.,A.. J. Hale, Percy- Edgerton; A.- W. 'H. .Upton, William.- "H., -Prince. 
.,.;LnEwinOT,, ,.B1 njamik,, M.Sc., ; 11, ■ St. Silas'-, Street, „ Ardw'ick, ' :'Manch©ster. 

(1) Present : Lieut, and Inspecting Ordnance Officer, Army Ordnance Depart- 
ment. (2) Civil ; Senior Science Master and First Assistant, Secondary 
-,, School, ,'S-lo-ugh, Bucks;' -Master-' 'of.'- Scie,nee, '-Manchester-,.,. :Univ-ersity ■ ,^ 
istry); Lieutenant, Army OrdnaBce Depantmemt; Inspecting Ordnance Officer, 
inspecting, proving, and testing ammunition. (Signed hy) Harold B. Dixon, 
W. -R* :H-odgldnson;''Noimatt^^^ 
,15',,,Ban'croft'-;Road-,/.Lon^,on;';E,l.--';-::Bci0n€e,^^ 

Secondary School, teaching Chemistry. B.Sc., London Internal; Associate, 
King’s College, London. (Signed by) Herbert Jackson, L. E, HinkeL M. 
Cutner, Patrick H, Kirkaldy, W. Orabb, 

Technical Chemist. Fellow of the Institute of Chemistry; for 12 years 
Chief Assistant to Mr. J. Falconer King, FJ.O., late City Analyst for 
Edinburgh; at present, and for the past 10 years, Chief Chemist to 

-'- v-,R- pohs, : 
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trjj ,7, Garturk Street, Crosshill, Glasgow. Lecturer and Imstriictor in Gas 
Warfare, employ^ under' Scottish .Command as assistant Area Gas Officer, 
Bdiiil>arg,h. Notes on Construction, Use, and 'Tactics of Chemical' Grenades 
and Bombs,” communicated and registered by War Office and Minister of 
" 'Munitions; Methods of Testing the Cheni'ical .Efficiency, of Army 
‘ Eespirators’ '“The Action ■ of Chemical ' Reagents on Sewage,” in con-. 
ju.iiction with Dr. Ellis, D.Sc., Fh.D. (Glasgow). Under supervision of. 

Professor Berry, Glasgow, “Notes on the Reversion of Superphosphates 
when placed in Contact with Soil, Chalk, Basic Slag, etc.” (Sign&d hy) 
R. A. Berry, James McGutcheon, , A. Archibald Boon, G. Q, HeMdersofiy 
Thomm Gray, 

Moo.EE,, Geobge Tueto, 19, Neale Street, Boker, Sunderland. Science 
Master. B.Sc. Degree of Durham University; two years engaged in teaching 
chemistry ; lour years* research work at Sunderland Technical College, 
(Stgned by) P. Phillips' Bedson, J. A. Smythe, Sydney Dunstan, C. P. Baker, 

^GilderdaU. ' : 

. ., Newbbev, : Geoege, ■ “ Glenmore,” Balcombe, Sussex.' Works, Research' 
Chemist. Bachelor of Science, London University ; Associate of the Royal 
College of Science, London, and Member of the Imperial College of Science 
and Technology, London ; R,esearch Chemist with Messrs. May and Baker, 
Ltd., London, (Signed by) H. B. Baker, James C. Philip, A. T. King, 
H. F. Harwood, P. W. Robert^^ 

Pege, William Charles, 20, Bassano Street, East Dulwich, S.E.22. Analy- 
tical Chemist. Inter. Science (Internal), London ; with further two years* 
training as an internal student of London University (Battersea Polytechnic 
and South-Western Poly technlo). Since 1915, chemist, Burgoyne, Burbidges 
and Co., Ltd., manufacturing chemists, East Ham. (Signed by) John Wilson, 
J, L. White, Thos, Parries, ^ R G. Halstead, William 0. Harris, J, Hart- 
Smith,; J..C. Crocker., 

SCEAGO, HAEOLn, Post Office, St, Anthony’s, Newcastle-on-Tyne. Works 
Manager, Locke, Blackett and Co., Ltd., lead manufacturers, Newcastle-on- 
Tyne. Chief Assistant Chemist (2 years) to the Aluminium Corporation, 
Ltd. ‘Under tc^ governing electrode manuf^ure. Chief 

Chemist and Assay er; to Lbcke, Blackett and Co., Ltd., Hewcastle-on-Tyne^^^^ 
(Eyeai’s). Made special study of factors determining production of high-class 
chemical lead and lead compounds. (S^V^ed by) P. G. Henderson, J. A. 
Smythe, J. T, Dunn, P. Phillips Bedson f Frederick iV, Binks, 

SiKGEE, Haeev, 147, Upper Clapton Road, London, E.5. Third year 
chemical student at the City and Guilds of London Institute, Technical 
College, Finsbury. In order to keep in touch with the latest advancements 
made in chemistry, both technical and theoretical, and to make use of the 
Chemical Society’s library to aid my work at the above college. {Signed by) 

, .U., T^ , Percy Edgeidionj:'::’' William.. . ,H. , , Prince, , , A.. Lionel . ...Landau, ", 

.'^NorUi'''' -Road^^'W.''' .Bridgford,. vNoitinpmiili .' 
Works Chemist (drugs). Departmental Manager, Messrs. Boots Labora- 
tories, Nottingham. Demonstrator and Assistant, Chemical Department, Tech- 
nical School, Blackburn, 1902-3. Pharmaceutical Chemist (major qualifiea- 

'''Bichinond, '; M'.: ''Bnrs^cli^ 

Francis H. Carr, Robert H. Pickard. « 

.Miesto^ ;.,0nxsoh,'"' 'Gerrard ', ' aiid''''Cb. ' Gld*:'',': 

; Chemist '■ -and; ^'iurgical" Dresi^ng ', M'anuf actnrer.:.:;; 
ger and Technoipgist' of Surgical Dressing and Manufacturing Chemists 
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Works; Major Diploma of tli© Pharmaceutical ScKuety ; Fellow of the Wor- 
sMpfiii Goiiipaiiy of Spectaclemakers. {Sifffi&d hy) A. It. Coverdale, Geo. 
A. Turner, H. J. Aubrey, H. E. Hadley, H. Fox White. 

S'MHOE, David Dryben, ‘‘Risca/* Woodbine Avenue, Gosforth, North- /, 
umberland. W^orks Chemist, Messrs. The Richardson Printing Ink' Co.; 

Team' Valley "Works, Gateshead. (1) Six years' in 'secondary school, obtain-' 
iiig' a constant foundation in (a) chemistry and physics, (&) mathematics. 
(2-) Obtained Cambridge Local Examination Certificates (n) languages, 
(&) science and art (including theory and practice of chemistry). (3) Three 
years* study at Rutherford Technical College : (a) pure mathematicB, 
(Z>) French, (c) physics, (d) organic chemistry, (e) inorganic chemistry, stages 
1, 2, 5 (hons.). Certificate at above College under Board of Education, with 
distinction in the practice of chemistry. (4) Three years apprenticed Analy- 
tical Chemist. (5) Now Works Chemist, engaged in general analysis of 
oils, colours, fats, varnishes, and the process of manufacture of same. 
(6) Have done research in connexion with the furtherance of manufacture 
of goods in this trade hitherto placed on the market by German companies; 
examples, (a) patent driers, (h) varnishes. (7) Elected member of the Society 
of Chemical Industry.- (8) Being desirous to obtain, in furtherance of my 
profession of chemistry, a more complete idea as to the improvements there- 
with connected. {Signed by) Frederick N. Binics, F. G. Hendmon, Arthur 
Payne, /oAn E* Chee8erigM, Sobert McOlumpJiUy Fred6n€h GUderdde.' 

Taylor, John Henry, 54, Highbury, Newcastle-on-Tyne, Brewery 
Chemist. Passed qualifying examination of Pharmaceuticai Society. Chief 
Ohmnist in Brew^ery of Beil and Taylor, Alloa (Bass Crest Biwery). Wish- 
fur to obtain the Society’s publications with a view to keeping in touch with 
moderir chemical science. (6' iyned by) F. Gilderdale, Thomas Maben, 
Herbert T. Piatt, G. F. Memon, Sydney Dumtan. 

Telfer, Stephen Yeitch, 533, Victoria Road, Crosshiii, Glasgow. Captain 
R.A.M.C.; Olleer-in-ChaTge of Base Hygiene Laboratory, B.E.F., France; 
M.B., Ch.B., University of Glasgow [1910); Assistant Analyst, Messrs. 
Tatlock and Thomson, City Analysts, Glasgow, 1900-1904. Reports to 
Medical Research Committee, 1916, “Contribution to the Biochemistry of 
Pathogenic Anaerobes.” (Signed by) E. R. Tatlock, E. T. Thomson, 

• Alex, W. 'M'cLaren, Win* liintoul, Edward WheeUfy N, Fieton*. ' 

:,/Thomson, Alexander/ Lyle, 11, Beresford Gai’dem, /Trinity, EdinburglL 
Works .Chemist. ' 'Student: for three years (day 'classes), 1897-19CK), ' at ' Edy^al 
Technical College, Glasgow', under / :Professor''' Henderson, ' B.Sc,,/ /M;*A., 

, F.LC., . For 'half -session 1900-1901. Lecture A.ssistaiiit, 'to Prof. Gray,. D.Sc'.', 
Fh.D, (Evening Classes).. '. For'/ seventeen .years , '(t90'i-l918,)' Works ..'Ciiemist 
, with ;.;..A..:',.'B..' .Fleming and'. Co., .;.,Ltdv /'"Capline ' Tkiinburgh,' doing 

analytical work and manufacturing in colours, printing inlcs, varnishes, etc* 
{Signed by) G. G. Henderson, Thomas Gray, F. J. Wilson, Cecil /f. Desch, 
T. S. Patterson. 


Tucker, Thomas, 2, York Villas, Queen’s Road, Buckhurst Hill. Asso- 
ciation as Managing Secretary and lately General Manager for Messrs. T. 
Tyrer and Co., Manufacturing Chemists, for the past twenty-eight years. 
(Signed by) J. E. Coates, Sidney A. Brazier, T. Slater Price, H. D. K. 

Assistant in Chemical Department, Bournemouth Municipal College. Science 
Student at Bournemouth Municipal, College since 1912. At present Science 
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Isi Assistant Chemist to Bournemouth Gas and Water Co. {Signed byy 
Hubert Painter^ Philip G-. G. Moon, William George Sewell, F. MoUwo 
Perkin^ Mobert N, Lennox. 

Upton, William Edwin, 663, Leigh Bead, Leigh, Lance. Senior Science 
Master, Leigh , Grarnmar ' School ; Head of , Chemical Department, Leigh 
Technical School.' ,'M. A. , (Cantab.) B. A., Natural Sciences Tripos, 1905 ;' 
late Sissar of Sidney Sussex College, Cambridge; Associate of University 
College, Nottingham, 1902 (1898-1902); holder of University College Free 
Studentship; Chemistry Master, Wheelwright Grammar School, Dewsbury, 
Janiiary, 1905, to July, 1907; Senior Science Master, Kilburn Grammar 
School, London, N.W. ; and Head of Science Department, Wxilesden Poly- 
technic, N.W. (1907-1910. At Leigh since 1910. {Signed by) W. H, Leek, 

W. 0. Smith, Tom B. Greeiiough, Harold B, Dixon, B. M. Caven, F. Stanley 
Kipping. 

Voss, Walteb Arthub, “Fairiight Glen,” Eastwood Road, Rayleigh, 
Essex. Third Year Chemical Student at the City and Guilds of London 
Institute Technical College, Finsbury. To attend the Society’s meetings 
and follow the advance in Chemistry, and to use the Society’s Library. 
{Signed by) O. T. Morgan, Arthur J. Hale, A. W. H. Upton, ■ 'Percy,, 
Edgerton, M* Brightman. 

Wallace, Thomas, 307, Beaconsfield Street, Newcastle-oii-Tyne. Assistant 
Chemist, Castner -Kellner Alkali Co., Wallsend-on-Tyne. 1st Glass Hone., 
B.Sc. (Dunelm) , 1915 ; M. Sc. , 1917 ; Temporary Analyst, Government 
Laboratory, November, 1915-January, 1916; Works Chemist, Dunstan Zinc 
Works, January, 1916Aruly, 1916; Assistant Chemist (superintending labora- 
tory work of assistants’ research work under direction of Chief Chemist), 
Castner -Kellner Alkali Co., Wallsend, from July, 1916. {Signed by) Alex- 
ander Fleck, P. Phillips Bedson, J. A. Smythe, Thos. Ewan, /. H» Toungp 
Thomm Napier. 

Wabnes, Abthxjb Robebt, 47, Cranbrook Avenue, Oottingham Road, 
Hull. Works, Researcb, and Technical Obemist ; Chemical Engineer. 
Nineteen years as Works Chemist, Research Chemist, Technical Gbemist, 
Bacteriologist, and Chemical Engineer ; nine montlis as Demonstrator and 
Research Chemist for Dr. F. M. Perkin, F.1,0. Original Papers : “Cor- 
rosion of Industrial Ironwork,” before Society of Chemical Industry ; “Ih- 
vestigations bn Ooa^ and some of its Products ” and “ Coal Tar Dis- 
tillation,” before Midland Junior Gas Association. Publications ; “ Coal 

Tar Distillation,’’ _ “Coal ,\Tar - thirty -four . articles : published,' in the 

technical press, some -of which contain original "matter. Teacher', at ' Hull ■■ 
Technical.' ,, College: ,, (evening clasaess)'.; lectured on “Gils,' 'Fats, and" s'''' 
Waxes; and .Caiidle Manufacture,” 'also on “'Soap Manufacture,”.. 'Sessions ' 
1912-13 and 1913-14 ; am a registered Teacher under the City and 
Guilds of London Institute. I hold the Bronze Medal of the City 
and Guilds of London Institute for soap-making; won 1st Piize in 
“Bteam,” 1906 (Hull Technical College); have earned out much original 
work at my places of employment, and for some time after the opening 
of the V.A.D. Hospital in the city (Hull) acted as Pathologist. Member 
of the Society of Chemical Industry; Member of the Faraday Society; 
Fellow of the Royal Society • of Arts. {Signed by) Arnold R. Tankard, 
Harry Thompson, E. B. Atkinson, T. Luxton, Thos, A. Nightscales. 

,'':,'Sebb|3bt': Tohn; ' '64,', ’:'Peal " ^ House.':". Lane, Widnes. Metallurgical 
Chemist, Mmsrs. James H* Dennis and Co,, Ltd., Cornubia Works, Widnes, 
',:',''''Papers,::t:;ilvExaminaHon;,bf."'& for -Estimating -■ .Total 'Acidity.'.,' 
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in AcM Gliam her Escapes,” Society of Chemical ludnstiy, 1903; “Notes on 
Glue and Glue Testing,” Society of Chemical Industry, 1904, “Notes on 
Benaine or Petrolemn Spirit/’ Society of Chemical Industry, 1904 ; “ Notes 
on Foaming Glue/’ Society of Chemical Industry, 1905. Teacher of Metah 
iui’gy (evening classes), Technical Schools, Widnes, 1912-17. (Signed dyj 
John W. Towers, G. X ' Warner, A. J. Squires, J. H. N-aylor, H, E. 
Brothers. 

Webb,' Haery ■ William, 29, South Eoad, Smethwick, near Birmingham. 
Research Chemist. M.-Sc.,. Birminigham; B..Sc, (Ist Ohiss Honours); A.I.C. ; 
1851 Exhib,,' 1914; four years Birmingham University; three years 
H.M. Factory' in Works and Research .Departments; at present Head, 
Research Department, H.M. B^actory. (Signed hy) Percy B\ Frankland, 
Frederick Challenger, Thos. xl. Smith, H. H. Smith, Adrian. J. Brotvrt, 
A, Parhef. 

Wcx)D, James, c/o Research Department, C.W.S., 1G9, Corporation Street, 
Manchester,' 'Analytical Chemist,. M.A,, B,'Sc., F.I.O, ; late ■ Carnegie 
Resea.rch;.Schoiar;in Chemistry, University of .Aberdeen; in conjunction with 
Emeritus; Ppfessor' Japp '.have published ' Pap'ors' ,in Ahe Trafismtiom\ 
of the Chemical Society ; late Chief Assistant in the Public Analyst’s 
Uaboratory of the Lancashire County Council ; late Lecturer in Chemistry, 
Holt Technical School, Birkenhead ; at present Chief Assistant in the 
Research Department of the Co-operative Wholesale Society, Manchester. 
(Signed by) Geofrey Martin, George Tate, Alex. Caruth, F. 0. McOi' Lewisi 
'Alfred HoU. ' " / 

WoBTO, Heney, 70, Yyner street, York. Teacher (Chemistry). I studied 
for two year© (1894-~6 and 1895-6) at Leeds University, taking the Inter' 
mediate and Final Science Courses, and have since been engaged in Science 
Teaching over four years at Rastriek Gi'ammar School, Brighouse, and for 
the last seventeen years as Chemistry Teacher at Archbishop Holgate’s 
Gramniar School, York. {Signed by) Arthur Smithells/ J. B. Gohen, H. T, 
Calvert,' E. Norman,' Langham, C. E. .L. Livesey, P.- F. torn. 


The following Certificates have been axithoriBdcl by the Gonncil 
under Bye-Law I (3) 

Das, Govinda Chandba, B.Sc., 20, Bunker Ghose Lane, Calcutta. Chemist. 
Chemist of Analytical and Research Laboratory of Explosives, Ammunition 
Factory, Drnn Dum. (Signed by) B. 0. Butt, John Watt, Chuni Lai Bose. 

Hale, William Jay, University of Michigan, Ann Arbor, Mich. Asaocaate 
Professor of Chemistry. Author of various books, and numerous scientific 
jiapers embodying original research in Organic Chemistry. (Signed by) 
Marston Taylor Bogert, Frederick B. Power, Ira Remsen, Cl»s. B«©kerville. 

Waebxteton, Stanley^ Titaghur Paper Mills Co., Ltd., Titaghur, India, 
E.B. Ely. Works Chemist. My ree^sons for wishing to become associated 
with the Chemical Society are t Being a member of the Society of Chemical 
Industry ; being interested in ^ Industrial , Chemistry the Society Journal 
would be valuable. (Signed by) R .Y. Briggs, Puran Singh, M. /. Gajjat, 



PROCEEDINGS 


OF THE 

G PIE MI CAL SOCIETY. 

Ordinary Sckntiiic Meeting, Thursday, May 2nd, 1918,. at 
8' 'p.^n.,;Professor W. ' J. Pope, O.B.E.j'P.R.S., President, in the" 
Chair.;"' 

The President announced that the Society has lost, through 
death, the following Pellows ; 

Elected. , ' 'Died. 

Willxani Henry Blake .................. Mav 15th, 1890. May 19th, 1916. 

Herbert William Mills Willett ...... Eeb. 15th, 1906. May 9th, 1917. 

Mr. A. W. Willis was forinaliy admitted a Fellow of the 
Chemical Society. 

Certificates for election were read for the first time in favour of : 

William Baird, 16, Kinnoull Mansions, Clapton, E,5. 

■ Oeorge Rowland Bolsover,. Assoc. Met., 31, -Rossington Road, Brocco Bank, 

' , Sheffield. ' 

■; "John ' Williain' ■ Cobb, ■, East Garth, Lower'- 'Wortleyj ■' Leeds., 

George '.'William Dunster, 43, .Wards Road, 86 X 611 Kings, Ilford,- 
"..Stanley'.Eilio'tt, ,B.8c., AO, .Arnndel Gardens, W.,11. 

Robert Ellison, 19, Longdin Street, Latehford, Warrington. 

. -'..Frank. Scott, .Fowweather,' M. Sc#,, 62,vI>,aIe\Sti'e,et,'. Liverpool...,-,.'' 

Stanley Joseph Green, B'.A.,,'..':Lieiit.'' R.'.N.'V.R.,, Royal Naval Air, .Station, 
Stratford, E.15. 

Francis John McConnell, Anti-Gas -Pepartment, - University ..College, 'Gower 
Street, W.C.l. 

'''',';',,.:':Me58rfc:,:':A.^ 'aitd,/P. ,'Edgerton^ 'were- '’elected' 'Scrutators,' 
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and a ballot for tlie election of Fellows was Md. The following 
were subsequently declared duly elected as Fellows : 

George Edwin Anderson, B.Sc. George , Johnson. 

Thomas Thompson Best, Ph.I). ' Benjamin Llewellyn, M.Sc. 

Rudolf Isaac . Blackburn, B.A., B.Sc. Nathaniel Makover, B.Sc. ' 


James Booth. 

Cyril Bride, B.A., B.Sc. 

"Wilfrid John Brizell. 

Giuseppe Bruni. 

Colin Campbell. M.Sc. 

Albert Henry Clark, Ph.G., B.Sc. 
John George Clarke, M.A. 

Govinda CLandra Das, B.Sc. 

James Scott. Dick, B.Sc. 

Stanley Dixon, M.Sc. 

Frederick Charles Dnggleby. 
Francis ' John 'Dymond, B.Sc. . 
Owen Charles Edwards, B.Sc. 
Horace ' George Evans, B.A., B.Sc. 
John, Henry., Freeman. , • , ^ 

Charles Eddie Gallagher. 

Arthur Geake, M.Sc. ' 

Archibald Edwin Goddard, B.Sc. 
Thomas Greetham. 

William Jay Hale 
Robert John Hughes, B.Sc. 

William Hughes, 

He,nry Francis Everard Hulton. 
Stewart Boy ' Illingworth, B.Sc., ■ 
Harold Thomas Islip. , 


Robert Duncan Masson. 

William Alexander Montagu. 

George Turpin Moore, B.Sc. 

George Newbery, B.Sc. 

William Charles Peck. 

Harold Scragg. 

Harry Singer. 

Arthur Nutter Smith. 

Maurice Smith, 

David Dryden Spence. 

.John Henry Taylor. , 

Stephen,' Veiteh ' Teifer, .M.B.,', Ch.B. 
Alexander Lyle Thomson., 

Thomas Tucker. 

Augustus James Tyrrell. 

. William Edwin, Dpton, M.A. '■ 
Walter Arthur Voss. 

Thomas Wallace, M.Sc. 

Stanley Warburton. 

Arthur Robert Warnes. 

Herbert John Watson. 

Harry William Webb, M.Sc.' 

James Wood, M.A.,: B.Sc. 

Henry Worth. 


The following paper was 'read:-''.'- 

'' Spmacene,' ',an:d some of ■ its ■' derivatives.^'' By ■ , A. 'C,haS'TON 
. .Chatman.' ' , , ■ ■ ■■ 


Ordinary Scientific,' Meeting, ■ „■ Thursday, , May:" ',16th', ' 1918., ; at^' 
,p.,m.,. Professor, W;, P,,„ .Pope', .'C.B.E.',,; F.E.S.,. President,, ".in "'the 
Chair. 


The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 



Mected. 

'".'Died.'' ''-'bbv': 


Thomas Watson Lovihond 




Sir Alexander Pedler 


May 15th. 
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of Parliament^ Educational Authorities, and others hold- 
ing public appointments* 'The Council, ’wishing ■ to enlist the aid 
of Fellows in the circulation of the Address, have decided to pro- 
vide copies, which' can be obtained by Fellows , free of . charge on 
applying to the Assistant Secretary, 

Messrs* IT. Singer, C. 'E. Gallagher, and W* A.. Voss were 
formally admitted as Fellows of the Chemical Society. 

Certificates -were read for the first time in favour of: 

Joseph Gauld Beam, M. Sc., Farnborough, Hants. 

Boland Lebeg Townley Glarlison, 1, Lebanon Road, Wandswortb, S,W.18. 

Thomas William Derrington, 20, Alrie Avenue, New Malden, Surrey. 

Sidney Fleminger 297, Amhurst Road, N.16. 

Fred Henesey, B.Sc., 17, Nile Street, Liverpool. 

John Bright Koblyn, 106, Tennyson Road, Luton. 

John Laurence Pitchford HoIIingworth, 138, Hither Green Lane, Lewisham, 
„,S..E.13. ; 

James Henry Lindfield, 33, Preston Road, Leytonstone, E.ll. 

Alfred Zygmunt Molteni, 25, Caithness Road, Brook Green, W. 14. 

Madyar Gopal Ran, M.A., The Presidency College, Madras. 

Bertram Leonard Read, B.Sc., Granleigh .School, Surrey. 

Louis Stott, 34, Elmfield Terrace, Savile Park, Halifax. 

John Turnbull, 18, Wilfred Street, Derby. 

Richard Henry Vernon, Ph.D., 16, Park^ Parade, Cambridge. 

Th0 Ordinary Scientific Meeting was then adjourned and the 
Informal Meeting declared open . 
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LECTURE, 

At the Ordinary Scientific ' Meeting of the Society to be held on 
Thursday, June 6th, at 8 p*m., Dr. Horace T. Brown, F.B.S,, 
will deliver his Lecture, entitled "'The principles of diffusion; their 
analogies and applications/^' 


LIST OF FELLOWS, 1918. 

The- List of Fellows for 1918' is now in active preparation, and 
in order that it may he as complete. as: possible, thoS'C Fellows whose 
degrees" 'and Christian names' do 'not appear in ' full ' are requested 
to, communicate 'them to the Assistant Secretary*' 


ADDITIONS TO ■.THE,. LIBRARY., ■ 
l.^Donations* 

Cain, '.John Cannhll. ',Th©^ manufacture of intermediate .pro- 
ducts' for dyes.: London' 1918., ,pp. x 4-263. ill/' 10,^. 'net.', 
{'Becd, , , , ' , From, the Author.' 

, Hefteb/ G'UStav. Tec'hnologie d'er Fette, mid Oele. ^ Vol,. ',111^ 

Berlin ,1.'9'10.,," pp. xii+ 1022'. ill. 25/4/18.) 

■■ , From Hartogs. 

.Mitchell, Charl'es Ainsworth. '■■"■, Edible oils', and fats". ' London 
191'8., ':pp/xii+l'60.' ' ill. .,6s/ 6c^. net. '":' (Scci. ■2/6'/'18.)', ^ 

, From, :the Publishers.: Messrs,. Ijongmans,' .Green ' an'd,:',Co.' 
'''Mo'rgan, Gilbert : Thomas'. '■ ■ .Orga'iiic^, compounds , of; arsenic . and', 
antimony. ' London" 1918'. pp, xviii4-'3.76. , 16 b., " 'net, .. (MtM- 
26/4/18.) 

From the Publishers: Messrs. Longmans, Green and Co. 
Pallabin, Vladimir I. Plant physiology. Edited by Burton 
Edward Livingston. Philadelphia, 1918. pp. xxv4-320. ill. 
$3 net. [Becd. 13/5/18.) 

'. ^^..'From :.the',';P'ub'iisEers MessrSv';'P.\Blah&tpn’^ 

.' , Partington, \JaMe's,, ''."T he' ;■ Lohdon; 
■' 19.1,8'.': ^,';pp.:, x-\d"4.';304.'':v:'"i:lL:,.'/:|W'.:,;^ 

':/From''''''',the"',Pub'Hs}|erBn;;,J&isrsi:> 
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II. By Fur chase. 

CJowPER-CousSj Sherard. Elekti’olytisclie'Verzinkung. : (Monograph, 
angew. Bkiktmoli., voi, 18.) Halle a. S. 1905. pp. '38. . ill. 

Dakin, ITeneiY Drysdax.e, ■ and Dunham, Edward Kellogg., A 
handbook of antiseptics. New York 1918. pp. ix-fl29. ill. 
75 . net. {Feed. 30/4/18.) 

Engelhard’, Viktor. Hypochlorite, und elektrisclie Bleiche. 
Technisch-konstrnktiver Teil. (Monograph, angew; Elektroch.j 
vol. 8 .) Halle a. S. 1903. pp. 275. ill. 

' Ephraim, Julius. Deutsches Patenrecht fxir Chemiker. (Mono- 
graph. angew. Elektroch., vol. 25.) Halle a. S. 1907. pp. 608. 

PERCmAND, P. Die elektrochemische Industrie Deutschlands. 
(Monograph. angew. Elektroch,, vol. 12 .) Halle a. S. 1904. 
pp.. 66 . ';41L 

Pebohland, P., and Rehl.Knder, P, Die elektrochemischen 
Deutschen Beichspatente. (Monograph, angew. Elektroch., vol. 
24.) Halle a. S.. p 

.Pitz-Gbrald,' Francis A. J. . Carborimdum. (Monograph, 
angew. Elektroch., vol. 13.) Halle a. S. 1904. pp. 44. ill. 

Kiinstlicher Graphit. (Monograph, angew. Elektroch., 

vol. 15.) Halle a. S. 1904, pp. 60. ill. 

Jabger, F. M. Lectures on the principle of symmetry and its 
applications in all natural sciences. Aiosterdani 1917. pp. 
xii 4-333. ill. 215. net. 2/6/18.) 

Kershaw, John B. C. Die elektrolytische Chloratindustrie. 
(Monograph, angew, Elektroch., vol. 19.) Hall© a. S. 1905. 
pp. 124,;.',' ill...: 

■; Lb Bdanc, Max, ' . Die Darstellung " des' Chroms .und, .seiner 
Verbindungen.'mit 'Hilfe des.'- elektrischen Stromes.....' (Monograph, 
angew. Elektroch., vol, 3.) Halle a. S. 1912. pp. 109. 

Lorenz, Richard. Die Elektrolyse :■ ' geschmolzener, , .galze. 
3 Teile. (Monograph, angew. Elektroch., vols, 20, 21, and 22 .) 
Halle a. S. 1905. pp. 217, 257, 322. ill. 

Mason, William P. Examination '.e,! . water': ■ chemical.', .and 
bacteriological. 5th edition. New York 1917. pp. vi 4 l 86 . ill. 
65 . net. (Reed. 26/4/18.) 

Mineral Industry, The. Its statistics, technology, and trad© 

;.. 'dnriiif 'Edited; h.y.vG:. Roush.. ' ■; Yol:. 25.,'; etc...' ,■ New York. 

19174* 505. net. (Reference.) 

; ^ i;,,;,;' ApbLRHE.^ ; .' . 'Di© ■ Gfewiiinung ," des' .' Alumi.niu..ms '■ ' und . . d^essen.' ' 
Bedeutung fiir Handel und Industrie. (Monograph, angew. 
Elektroch., vol. 2 .) Halle a. S. 1902. pp. 129. ill. 
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Monographien user angewandte Eebkteochemie. Edited by 
Viktor Engelhabdt. VoL 2y.©t€. Halle a. S, 1902+ . 

NissensoNi H. Einriclitungeii von elektrolytisclien. Labora- 
torxen nnter b'esonderer^ Beriicksiclitiguiig dor Bediirfnisse fiir 
di© Hiittenpraxis. (Moiiograpk. angow. Elektrock,, voL 4.) Hall© 
a. S. 1903. pp. 51. ■ ill, 

Peanhaijser, W. Die Herstellung von Metallgogenstandon anf 
■elektrolytisckein Weg©. und die ■ Elektrograviir©. (Monograpk. 
angew. Elektrock., vol. 5.) Hall© a.. S. 1903. pp. 146. ilL 

Di© Galvanoplastik. (Monograpli. angew, Elektroch.j 

voL 11.) , pp. 138. ill. 

Hlee, 'Titus. ' Die ©lektrolytiscii© Baffination des , Etipfers, 
(Monograpb.. angew. Elektrock., vol. 10.) pp. 152. ill. 

IIsLAR,': 'Manuel ■ von, and Erlwein, Georg. v ■ Cyanid-’Prosfess© 
zur Goldgewinnnng, (Monograpb. angew. Elektrocb., vol. 7.) 
Hall©;a.E.:i903.. pp. 100. ■■ill.' ' ■ 


CEBTIFICATES OF CANDIDATES' , FOB ELECTION AT 
THE, BALLOT TO BE .HELD AT THE OBDINARY 
MEETING ON THURSDAY, JUNE 20th, 1918. 

N.B.— The names of those who sign from G eneral Knowledge ’ 
are printed in italics, 

Baird, William, 16, Kimioull Mansions, Clapton, E,5. Chief chemist, 
iLewis Berger and Sons, Ltd., Homerton. Three years’ course of t©chnic«al 
chemistry, under. Professor 'E,- J. Mills D.8c., F.B. 8./ Glasgow; three years 
at college, and private assistant- to ■ Br. ' Mills ; one«and-a-half years’ experi- 
mental work for Donald’s Ice-Chlorine Co., Kilwinning, N.B. ; twenty-five 
years with Lewis Berger and Sons, Ltd., Homerton— seventeen years of which 
as chief chemist. [Bigmd hy) Edmund J. Mills, M, J. Salter, A. E. Bunstan, 
F. B. Thole, F. B, Jafp, 

■',-';®«arham,,:',-Gbom^ -Hinev Rowland, '74,' Kensington- Avenue, Manor' Park, ,-,,, 
E.12. Science master, Higher Elementary School, East Ham. Respomible 
master, West Square Junior Technical Institute, Southwark. Inter. B. Sc, 
London, 1st Glass (chemistry taken). Have taken the Final B.Sc. chemistry 
-CoubsA:'.'';:'.Hav© with Dr.-.Dunstan,-.F.,O.S.',;-'in res'earch work on -'the' "' 

viscosity of ethyl-aceto-acetates. Science master since 1910. Instructor in 
chemistry to Chemical Industries Course students in L.C.C. Junior Technical 
Institute. Am now interested in the chemistry of lubricants. Elementary 
•School Teacher’s Certificate, 1st class in both parts, 1899, being trained at 
..^'■B,(k)'Ugh'Road'''''®raihifi|:;:an 

,, ', ,Th9l©>' ii- '''^ 
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ter), 2iid Glass Hons, in Cliemistry, 1904; M.Sc. (Manchester), 1907. During 
the last ten years have, carried out, research work in connection with oils, 
paints, and Yarnishes. {Signed hy) John 0. Hughes, H, Arwel Thomas, A. IJ. 
Newton, T. W. Kirkwood, E. .Mendoza, Gilbert Palmer, "Bertram Campbell. 

Bb-jlX;, Jos'Eim William,' 130, ' Manchester Eoad, Burnley, 'Lancs. Science 
teacher, Municipal Technical ■Institute", Burnley. .Btudeiit at Uiiiversity 
College, London; took chemistry under the late Prof. Eamsay. Have been 
a teacher of chemistry, physics, and mathematics for the past twenty, years. 
(Signed by) Raymond Ross, H. J. kiathews, E. B. Naylor, Jno. P. 
Leather, Harry Heap, T. /. Drakeley^ Ernest Geo. GauL 

Bolsover, George Rowland, 51, Rossington Road, Brocco Bank, Sheffield . 
Metallurgist. Assoc. Met. (Sheffield University). Carnegie Scholarship Iron 
and Steel Inst, (subsequently declined owing to stress of work). Pupil 
Yorkshire Testing Lab. Charge of laboratories Messrs. Hy. Bessemer and 
Co., Ltd. Present— Brown Firth Research Laboratories. [Signed hy) J. E. 
Stead, W.'E. 'S. "Turner,' W. P. Wynne, .John Evans, Jaa,' T., Stevenson. 

■ ■ Bromley,, 'Ee'NBV''Ali>0'D'S, The. Willow, Cambridge Road, W." ■Wimbledon, 
S',W.19, ' .Crown '.servant, Exp.ert:'.^in...the chemistry,' of paper , to H.M,.., 
Stationery Office. Lecturer on the chemistry of paper to the London County 
Council. A process for the recognition of gelatine in presence of starch 
(Pa'per Maher ^ March, 1914). Author of “Outlines of Stationery Testing” 
(Griffin, 1913), and of original research into the coloui'ing matters used for 
paper-making fibres {Paper Maher, February, 1914). A process for the 
estimation of tar acids in paper (Paper Maher, September, 1914). {Signed 
hy] R. W. Sindall, Henry P. Stevens, Edward Bevan, G. F. Cross, 
J. William Bacon. ' 

Cashmorb, Albert Eric, 32, Vicarage Road, Smethwick, Birmingham. 
Process chemist, H.M. Factory (T.N.T. Dept.). Student at Birmingham 
University during sessions 1912-1913, 1913-1914; have passed intermediate 
examination, and completed second year, taking chemistry as principal sub- 
ject; released from Army, March, 1917, and have since been engaged as 
above. {Signed hy) Percy F. Frankland, Frederick Challenger, H. A. 
Scarborough, A. Parker, F. H. Garner, C. E. Wood. 

Clarkson, Roland ' Lebeg , ' Townley, ■ 1, Lebanon' Road', ' Wandsworth, 
London, S.W.18. Analytical works chemist. Chemist to the Burgh Castle 
Cement Works, 1914; second chemist of the Harty Factory of the Cottoit 
Powder Co., Ltd., 1916-1917. Now at Wandsworth, and desirous of being 
able to attend the Society’s meetings. {Signed by) C. S. Garland, 

, 0,. ,■ Silberrad, John ■ Hughes, J. H. Coste, 0. B^- GTaham^. 

,,CoBB, John William, East "Garth," Lower , WOrtley,.', Leeds. Livesey,.' Pro- ' 
'.lessor Coal Gas and Fuel Industries,''' The.,,,. University, ; Leeds. "'“Thermal' 
Study of the Carbonisation Process,” J.G.8., 1915; “Synthesis of a Silicate” 
(six papers), J.S.O.I., 1910, and others mainly technical. (Signed hy) 
,:'Ar'thur ', Smithells, Hb ■''.M'.; '.'Uawso,n,''"J.^VBv ''„H. '. J. Hodaman,'': „S.' ':'F.' 

•■Duf ton. ''.■"'■ ..I 

,.0,;,'':; ;I)AiLE*>'^ ■■..Jf.UBEirr ■" W illiAm,'.' :'i9, 'B'evefl^; ." ;Road,,, : Auerley", 'Kfent. ' ''';:''Stores' " 
Department, Port of London Authority. Student of applied chemistry at 
Battersea Polytechnic and Sir John CasS’ Institute ; City and Guilds Exami- 
nations; oils and fats, bronze medal; iron and steel manufacture, 1st 

; ■and' ''Honours '''Grades'. ' ■ {Signed ..ihy)"'"-. J.'.:; Wiiaon^ ■■ 
F. M. Thomas, ff. JoJmstm. ] 

^ WjlEiam, ,. '^S0,::;'^AJric, ■'.Avenue,';. 'Hey^,'■':■Maldeh■j'':r^,S^ 
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Analytical chemist. Analyst to the L. and S.W. By. Co. for twenty4hree 
years; assistant demonstrator to Brof. A. Humboldt Sexton, at Glasgow and 
West of Scotland Technical College; science master at, Stafford Grammar 
School. {Signed by) Harold G. Colma.n, John li. B. Jenkins, L. Archbntt, 
Chas, J, P.' Fuller, W. B. Bird, H., Gripper. 

Burster,' Geoege William, Northdene,. 43, Wards Boad, Seven Kings, 
Essex. Technical chemist to firm of oil refiners, colour makers, and paint 
varnish mannfactnrers. Twenty years as technical chemist and works mana- 
ger, etc., to Gross, Sherwood, and Heald, Ltd. ; assistant lecturer and demon- 
strator in oils, paints, and colours at Borough Polytechnic, London, S.E. For 
use of Library. {Signed by) Hubert B. Wood, C. E. Cooke, B. S. Morrell, 
W. G. Aston, George Dean, F. Henry Streatfeild. 

Edge, Arthtte Beodghtox, Tudor House, Maidenhead, Berks. Lieut., 

B. A. Now engaged in chemical research work under the Ministry of Muni- 
tions ; his course in chemistry was not completed owing to the outbreak of 
war ; he wishes to keep in touch with recent developments in chemistry, 
especially in its relations to mineralogy. {Signed &y) Jocelyn Thorpe, Kenneth 

C. D. Hickman, J. N. E. Day, H. B. Baker, James C. Philip. 

Elliott, Stai^ley, 40, Arundel Gardens, W.ll. Analytical chemist (Army 
at present). B. Sc. (Hons. Chem.) Lond. ; F.I.C. {Signed by) Cecil H. Cribb, 
E. H. A. Plimmer, Guy T. P. Tatham, Herbert Jackson, Patrick H. 
Kirkaldy,;L, E. Hinkel. 

Ellisoit, Robert, 19, Longdin Street, Latchford, Nr. Warrington. Analyti- 
cal and technical chemist. Certified lecturer on alkali manufacture. Bronzie 
medallist, 0. and G. of London Inst., for alkali manufacture, 1914-1915; 
bronze medallist, 0. and G. of London Inst. , for soap manufacture, 1916-1917 ; 
Fellow of American Chemical Society ; final certificates (Board of Education) 
in inorganic, physical, and organic chemistry; researches on hydrogen and 
water gas, etc. {Signed by) E. F. Armstrong, S. J. Peachey, Chas. W. 
Moore, John Allan, T. P. Hiiditch, Jais, Grants A. G. Green, 

FiTZGmALD, Feaxcis William, 128, .Earlham Grove, Forest Gate, E, Chemi- 
cal manufacturer (trading as Senior, Crozier and Go., Union Works, Strat- 
ford, E.). Sole proprietor and works chemist of the above business, produc* 
ing fine and heavy chemicals ; studied chemistry at the West Ham Technical 
..Institute;' have also worked in the 'laboratories of several London manu%G- 
turing chemists. .Am' desirous' of becoming. a Fellow of, the, Ohem.ical Society 
,in, order to, have .the use of its Library and the. Society’s, Journal , ' .\Signed by)' 
Francis A. ., B. Jewsoii,. E. Geo. Streim-er, W. A.:Wayland,, 

.Emmt S,\ 8 fencer ^' Thomm TF Percy iT. .Le.: 'May. , , 

.yFLEMmoEE,; Sidney, ,297 Amhurst- Road, ,''N.16..,' .Analytical,, chemist.'.' For" 
the last twelve yeai's assistant to Dr. Frank L., ' Teed, ' public analyst; gas. 
examiner to the London County Council since 1907; five years in the labora- 
tories of the St. George’s Hospital Medical School; two years as demon’ 
strator in chemistry. (Signed by) Frank L. Teed, William H, Prince, H. 
Mansfield, Charles A. Keane, Harry Singer.^ 

.', Scott, , 62, ., .Dale . Street, Liverpool. ,, Analytical, ,eon-'.' 

suiting, and technical research chemist. B. Sc., 1st Class Honours in chem- 
istry (Liverpool University), 1914; M.Sc., 1915 ; ‘^Isaac Roberts ” scholar and 
“Willox” exhibitioner, Liverpool University; Associate of Institute of Chem- 
istry; formerly works chemist with Messrs. Evans, Sons, Lescher, and Webb, 

. .Runcorn ;. ' later; Tesearch chemist^ '..with"' :Bntish.':'.D^,; .'Ltd. , ' '.Huddersfield i^now ■ 
junior partner in firm of Oimerod and Fowweather, analytical and consulting 
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cliemiste, Liverpool. {Signed by) N. G. Stevenson Coppin, W. C, McC.' 
Lewis^, T. M,. Nightingale, C. A. Fogg, Ernest Boardman, ■ 

Green, Stanley Joseph, Stratford, London, E. Lieutenant, E.N.V.E., 
attached to Royal Naval Air Service for chemical work. First Class Honours 
in Natural Science Tripos, Cambridge, 1910; in charge of chemicar work 
(research, and work connected with manufacturing plant) at R.N. Air 
Station. {Signed by) T. Slater Price, George Senter, William J. Pope, 
H. C. Greenwood, Sidney A. Brazier, H. D. K. Drew, J, Newton Friend, 

Gupta, Nalini Mohan, Panposh, B.N. By., India. Chemist, Bisra Stone 
Lime Co., Ltd, (managing agents, Messrs. Bird and Co., Calcutta). M.Sc,, 
Calcutta; Associate of Indian Institute of Science, Bangalore; author of 
“Lead Cyanide, Proceedings^ Chemical Society, 1913, VoL 29; “Boro- 
hydrates,” with Dr. Travers and Roy, Journal of the Indian Institute of 
Science, Bangalore, VoL I., Part I. ; late demonstrator in general chemistry, 
Indian Institute of Science, Bangalore ; chemist to the Calcutta Sewage Dis- 
posal Experimental Works (1914-1917) ; at present chemist to Messrs. Bird 
and Co., Calcutta, studying the chemistry and manufacture of Portland 
cement. {Signed by) Morris WL Travers, J, J. Sudborough, H. E. Watson, P. 
BruhV'P.', 0. 'R%. 

•Hartung, Eenst Johannes, 9, Glendearg' Grove, Malvern, Melbonrn©, 
Australia. M.Sc. Acting lecturer on chemistry, University of Melbourne, 
Author of the following papers A New Method for Determining the 
Specific Heats of Liquids,” Transactions of Faraday Society, VoL 11, Part I., 
1915. “ A Contribution to the Theory of Solution,” 7'rans. of Faraday 
Society, VoL 12, Parti., 1916. “ The Reaction between Aniline and Carbon 
Tetrachloride ” (submitted recently to the Chemical Society). (In oon» 
junction with Dr. A. C. D, Rivett), *’An Occurrence of Ammonium 
Chloride,” at Frankston, Vic. Proc. Boy. Soc. Vic., Vol. 28, p. 153. 
{Signed hy) Orme Masson, Heber Green, A. C. D. Rivett, Irvine M asson, 
N, ' Sidgwick, 

Henesby, Fred, 17, Nile Street, Liverpool (at present at Anti-gas Depart- 
ment). Analytical chemist. B.Sc. Hons., University of Liverpool; assistant 
to Chemical Adviser, 9th Army Corps, B.E.F., France ; assistant Anti-gas 
Department. (Signed by) E. 0. C. Baly, H. H. Froysell, W. C. McC. Lewis, 
F. G. Donnan,''S..i?'o:tosO'n.'''' 

Hoblyn, John Bright, 106, Tennyson Road, Luton, Beds. Chemist and 
metallurgist.' Associate Royal College ^Science Chemistry, 'first class; ■ Fellow 
of the Institute of Chemistry; late senior science master, Luton Modern 
School ; chemist and metallurgist to Vauxhall Motors, Ltd, Author of 
paper, “Commercial Steels and their Heat Treatment,” Institution Auto- 
mobile Engineers, 1918; joint author, “Story of the Five Elements.” 
{Signed hy) James C. Philip, P. W. Robertson, M. 0. Forster, William A. 
Tilden, H, B, Baker, 

v'::,'HiOLLiNawoRTH,; , JoHN- 'Laurinoe- Pitchford, ■ 'ISS'' Hither Green' ' 'Lane,'' 
Lewisham, S.E.13. Pharmacist, Victoria Hospital for Children, Tite Street, 
Chelsea, S.W. ; Fellow of the Limiean Society; member of the Phar- 
maceutical Society ; member of the Association of Hospital Officers. 
Engaged for many years in the practice of analytical chemistry and general 
pharmaceutical chemistry. {Signed hy) Henry 0. Huskisson, Robert W. 
Lindsey, J. Wicliffe Peck, Thomas Tickle, Alex. Gunn, G. E. Cot field, 
Henry L. Smith. 

IAndfield,:{;Jam^ ''SS,' Pr^^to'n';'- 'Road,' Leytonstone,' "''E.ll. ''Sugar 
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refiners’ chemist. Was for five years student in chemistry at the East 
London College. Contribiitiom with Prof. J. T. Hewitt: “The Nitration 
of the Three Toluerieazophenols/’ Tram. Chem. Society, 1901, Vol 79- Part 
author of “The Rapid and Accurate Estimation of Iron in Cane and Beet 
Sugar Pactory Products ” (International Sugar Journal^ 1912, 14*. . 428-485« 
'Part author' of “'The Determination of Ash of Cane and Beet Sugar Pro- 
ducts” {Internafdonal Sugar Journal ^ 1918, 20, 114-117. Twelve years works 
chemist to Messrs. Martineau’s, Ltd., Whitechapel, sugar refiners.' [Signed 
hy) Chas. E.. Eastick, James P. Ogilvie, Fred. C. Eastick, J. T. Hewitt, 
Arthur B. Ling. 

Lockspeisee, Ben, M.A., 21 Thornby Road, Clapton, London, E.5. 
Technical assistant (Munitions Inventions Department). First class Natural 
Sciences Tripos (1912), Cambridge University; Second class Mechanical 
Sciences Tripos (1913), Cambridge University; late scholar and prizeman, 
Sidney Sussex College, Cambridge. (Signed hy) W. J. Pope, F. G. Dorman, 
Henry Terrey, II. J. E. Fenton, /, N. GoUie, B, Smiles. 

MgConnelu," Fbancis John, 13, Sefton Road, Liverpool, N. Analytical ; 
chemist. Privately tutored for mathematics, physics (Oakes Institute); 
three years’ training under (late) Edward Davies, of Liverpool, and two 
years as' assistant to H. E, 'Davies, F.I.C., B.Sc., M.A. ; works ■ chemist 
for' Cunard S.S*: Co, and experience' also in explosive and coal tar laboratories.;' 
also ' at ' Lever Bros., Ltd. ; two-': years in Chemical Warfare ' Laboratories. 
(Signed hy) E. F. Harrison, W. C. Ball, H. S. Raper, L. A. Levy, E. J.', 
Wilson, A. G. Harrington. 

Molteni, Alfeed Zygmunt, • 25, Caithness .' Road, Brook . Green, W.14. ; 
Research chemist at the works of Messrs. Jenson and Nicholson, Ltd., 
Stratford, E., colour, varnish, and enamel manufacturers. Studied at the 
Imperial College of Science and Technology, London (1912-1915 ) ; Associate 
of the Royal College of Science (A.R.G.S.), chemistry; nearly three years’ 
works experience, principally research in oils and aeroplane varnishes and 
dopes, includmg analytical work in allied products. (Signed fey) H. B. 
Bakei*, James C.' Philip, A. T. King, . Arthur A. Eldridge, H. F. ;Harwood. ' 

Newbeey, Ebgae, The University, Manchester. Lecturer . in electro-, 
chemistry, B.Sc. (Loud.), D.Sc*{Viot.). Author of various papers on electro- 
motive force's 'in ' aicoho'l, . overvoltage, ■ iron, hydration,. 's.teel ' corrosion, , "etc., ^ 
published .in J,OrS., and Proci Boy, Soc. (Signed fey)' Harold" B'. Dixon, 
'.Arthur Lapworth, C: A, Edwards,. Norm'an, 'Smith,. F,. P. Burt,,'W., >K., S'iater. 

Powell, .,Ebw.aed Chueton, .39, .'Lombard ."Street, E.,'G. '.Ohemicar manu- 
facturer. Chairman.. ' and . managing dir.ector . of. . .a company ...manufacturing 
'organic;.,"'' chemicals. : , .', (Signed' ■ by) .....'J* C. . . .'.Cai'n,', 'Daniel,'.. L.. ' Couch,' W*. ' .M. . 

■ SimmoBs;': 'Ed.ward L. Joseph, .Harold Davies..' 

Mad YAE,; Gobal Rau, The Pres'id'ency" College, Aladras. Madras' University 
'vresearch student in ohemistry.':', B.A. Hono'urs, ..'Chemistry, '.1915",; .M.A. , 1918; 
research student in chemistry, 1915-1918, Joint author of three papers pub- 
lished in the Chemical Society’s Transactions. (Signed by) J. L. Simonsen, 
J. J. Sndborough^ H. E. Watson, F. L. Usher, Gilbert J. Fowler. 

Read, Beexeam Leonaed, Cranleigh School, Surrey, Schoolmaster, (i) B.Sc. 
Honours (London); (ii) Associate of the Nottingham University College; 
(hi) chemistry master at Cranleigh School, in charge of the chemistry depart- 
ment. (Signed by) L. Orange, R. M, Oaven, F, Stanley Kipping, AHliur 
Jaqms, B. C. Farmer, 
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Chilean Nitrate Propaganda Office and Laboratory, Calcutta, India." tomcr 
positions : plant physiologist, Tazonapo Botanical Station and Rubber Labora- 
tory;, chief botanical section, Dept, of Agr*, Mexico.' Present positions j 
director, Chilean Nitrate Propaganda, India; chemist, , Chilean Nitrate Pro- 
paganda Laboratory, Calcutta. 'Author of publications of Dept, of ,Agr., 
Mexico : Rubbers and Gutta-perchas in Mexico, with Analyses ” ; “Micro- 
chemistry of Afgemone mexicuna’’; “Collectors’ and Students’ Handbook.” 
Nitrate propaganda pamphlets, etc. {Signed by) J. McGlashan, William S. 
Myers, R. V. Briggs, Eric Haytvard, G, D. Hope. 

S'PEKDT, Aean, 81, Burges Road, East. Ham, 1.6. , Works chemist at the 
India Rubber, Gutta Percha Co., Silvertown. A student of the East Ham 
Technical College for the past eleven years; author of “A Simple Instni- 
ment for the Determination of Viscosity,” see J. S. Ghem* Ind., June ISth, 
1915, No. 11, VoL XXXIV. {Signed by} W. H. Barker, F. B. Thole, A. E. 
Dunstan, A. J. Harvey, R. C. Denington, Arthur R. Ling. 

Stott, Lotdis, 34, .Elmfield Terrace, Bavile Park, Halifax. Research and 
works chemist. Advanced chemical student, Halifax Technical School; silver 
medallist, City and Guilds of London (twice) ; five years as technical chemist 
in England for Meister, Lucius, & Pruning (twelve months in their labora- 
tories in Germany); at present works manager and chemist to firm of fine 
chemical manufacturers (phenacetin, salicylates, etc.). {Signed by) Clement 
A. Crook, J, A. Dewhirst, W. J. Stansfield, H. P. Hird, R. E. Olclroyd. 

Thomas, JoHH, Solway Dyes Co., Humell Hill Works, Carlisle. Research 
chemist. B. A. (Cantab.), D.Sc. (Wales) ; “Addition of Bromine and Unsatur- 
ated Acids,” Parts I. and II. (joint author) ; “ Isolation of the Aromatic 
Sulphuric Acids The Four Stereoisomeric Tetrahydrodimethylquiuo- 
lines^^; “ The Separation of Primary and Secondary Arylamines ; all pub- 
lished in thQ Tfansactiom of the Society. {Signed by) Wm. Rintoul, Thos. J. 
Nolan, W. J. Pope, W. J. S. Naunton, Alex. Findlay. 

TuEHBtTLii, John, 18, Wilfred Street, Derby. Research chemist (chief assis- 
tant to Dr. Elkind). Eleven years as assistant colourist at Turnbull and 
Stockdale, Ltd., calico printers, Ramsbottom; chemist to Hardman’s, Ltd,, 
tar works, Birmingham; chemist in employ of Turner Bros., Ltd., Trafford 
Park, Manchester ; research chemist in employ of British Cellulose and Chem. 
Mfg. Co., Ltd., Spondon ; studied chemistry (organic and inorganic) under 
'G.'M. .Norman, 'F.T,0.,.:B. Sc. F.C.S. ; .higher ■ certificate; of, Board' of Educa- 
tion In chemistry j member of Society of Chem. Industry ; member of Society 
of Dyers and Colourists. (Signed by) H* H. H. Lorenz, Wm. P. Skertchly, 
;;J.,::F.':,Briggs,;:J.:H. Jefiery,.;'^^^^ ' 

..' Weenon, RiGHAiiD 'Heney, 16, ''Park Parade, Cambridge. ''Chemical .Warfare 
Dept,, Lieut., 3rd Dorsets. Ph.D. (Zurich). (Signed by) 0, S. Gibson, W. J- 
Pope, W. H, Mills, C. T.' Heycock, James C. Philip. 

: fiuBiET :Cha.ej:iEs BiBGFRiEb :nE, Park House, , 18., Brandram ' Road . 
Lee, S.E.13. Works and research chemist to the Micanite and Insulators 
Co., Ltd,, W'althamstow, Internal student of London UniverBity" at 'Gold;-' 
smitixs’ College, 1910-1916; Int. B, Sc., *1912; have taken the complete course 
for honours chem. final degree ; four years assistant chemist and three years 
chief chemist to the Molassine Co., Ltd.; member of the Society of Public 
Analysts and other analytical chemists. [Signed by) Charles A. Keane, Henry 
,:,^,.^;'B,',;,,San3,;;Lv;;J^:'de':l^^ '.'Hugh. Main, „"W. ,P,,'''I^','.„New-': 

lands. 

.Klrkmanshniine ' "Lane, ' . ..'"Longsight,." '"^'M'^chefter. ' 
V /"Clayton ■ Aniline ■■Co..,;: Ltd., ;■ ,,C|aytoii,,;^'Maa-: 
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Chester. One year at Tecliriieal College, Kockliamptoii, Queetialanxl, studying 
tiieoretical chemistry and laboratory practice ; three years at Gordon’s College, 
Aberdeen, theoretical and practical chemistry; two years at Aberdeen Uni- 
versity, theoretical and practical chemistry ; ten months as shift chemist with 
Messrs. Chance and Hunt, of Oldbury, on acid plant; nineteen months as 
chemist in charge of, plant at Clayton Aniline Co., Clayton, Manchester. 
(Signed by) W. H. Bentley, Robert Dodd, A, Potter, E, Clark, IF. Moore 
NiehoU. 

Woolley, Samuel Walter, 58, North Hill, ■ Highgate, , N.6. Teelinical 
journalist. Pharmaceutical chemist ; editor of ‘‘ The Chemist and Druggist ” ; 
coiTesponding member of the Societe Royale de Pharmacie cle Bruxelles; 
author of “The Chemist-Optician.” (Signed by) William Kirkby, Fred. W. 
Fletcher, Charles Alex. Hill, Ernest J. Parry, Edward F. Linstead, T. H. W. 
Idris. 



PROCEEDINGS 


OP THE 

CHEMICAL SOCIETY. 

Ordmary Scientific Meeting, Thursday, ■ June 6th, 1918, at 
Professor W. J. Pope, C.B.E., F-R,S., President, in the' 

Chair. 

' ' It'was announced that 'the 'Society has lost, through death, .the 

following 'Fellows : ' • 

, Elected. Died, 

Walter Aiigiifitus Handcock Dec. 6th, 1900 May 26th 

Henry 'Tylston Hodgson Apr. 17th, 1873 May 22nd' ' 

M'ulgrave Banieh Penney Mar 7th, 1870 Mar.. Sth 

.' Messrs. A. (leake., K.-'-.G. Laiwala., and 'R. Brightman were 
formally admitted as Fellows of the Chemical Society. 

V:'' Certificates 'for electio'ii' were read for the first .time in favour of: 

■ Frank , Bainhridge,,: 'Woodland. View, West Road,, .Loftnsdn-Cleveland. ■ 

. .Reginald 'Percy Leopold Britton, '68,' The C..rescent, . Wimbledon 'Park,, 

s.w.m 

John Edwyn Daviois, B. Sc., Talma wr, Swansea Road, Merthyr Tydvil. 
Campbell Falconer, the Hall, Osbaldwick, York. 

',Bernaid.,'''A.rthur'' Jam'es . Jef^^ Gladstone ' Avenue, Wood . 'Green, H..22.' 

Edwin Percy Keeble, Summer Lodge, Kemlworth. 

Albert Victor Mouutford, 38, G-amhlins Road, St. Martins, Christchurch, 

Frederick Gerald Tryhorn, M.Sc,, 46', Hallviiie Road, Mossley Hill, 
Liverpool. 

Gerald Noel White, B.Sc., 16, West End Avenue, Pinner, Middlesex. 

John William Reginald Youll, “ Keswick, Rainsford Avenue, Chelmsford.- 

''l5r'.v':'Hot :Brpwii fthcii 'delivered .'his, lecture, entitled Af 
Principles of Diffusion; their Analogies and Applications.'' A 

;#:hS'iAarped:f#ith::,:'!l!hclahiatiph.^ 
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Ordinary Scientific Meeting, Thursday, June 20th,' 1918, at 
8 p.m.., M.r* A. Ghaston Chapman in the Chair. 

It was stated that the following Fellows had died : 


, Elected. ■ Died. 

5.homas Farries Dec. 1st, 1870. June 6th. 

Alexander Milne May Jth, 1885. May 29tli. 


The following announcements were made: 

(1) That a cominunication had been : received from the Com- 
mittee of the Van't Hoff Fund for the endowment of research in 
pure and applied chemistry. The amount from this fund available 
for distribution during 1919 is about <£150. 

A Committee, consisting of Professor A. F. Holleman (Presi- 
dent), Professor S. Hoogewerff, Professor A. Sniits, and Professor 
E.', H. Biichner (Secretary.), has been appointed to^ award grants. 
'■Applieations'ehould he sent' before November 1st, , 1918,. by regis- 
tered' post,, , to Het Bestuur der Koninkklyke Akademie' van 
Wetenschappen ; bestemd voor de Commissie van het ‘'Van’t Tloff- 
fonds"^', Trippenhiiis, Kioveniersburgwal, te ■Amsterdam.’^ '.Every 
applicant is I'equested to submit a detailed account of the inanner 
ill which he proposes to' expend the grant nnd to state the reasons 
f or which he makes his application. 

Papers embodying the '.results 'of- the. research may be published 
in any journal, but acknowledgment must be made of the source of 
the'' grant. Copies ■ of papers containing the results of the research 
must be forwarded to the Committee.', . 

(2) The Council have decided to issue the List of Fellow's: in the' 
near future; it, will not be circulated in the usual inanner, 'but may 
be procured by"' Fellows 'on applying ho the Assistant' Secretary., 

(3) In' ' view of the shortage of , paper, , the, , Council ' wish ' to 
"emphasise. the necessity of autho.rs: ■ reducing as far, as possible, the , 
,'l6iigtli'',of : scientific,' communications-. submitted .to-the Society. 

(4) The C,ouncil have appointed ' a , Committee,, ,, consisting,; of ■, the 
following, Messrs, W., R. BousMd, - A. ' G. , Green, -C, A. - .HiH 
Morgan, A. Scott, '■ and W. P. 'Wynne,,, and the, .'Officers, namely, 
Messrs. 'W.; J; Pope,, M. G. Forster, 'S. ' Smiles-, J. 0, Philip, :and A. -W. 
Crossley," : to consider , the revision- of -the',- Bye-laws., Opp'ortunity 
will be afforded, to .Fellows for bringinghorward -suggestions on the' 
matter. 

Certificates of candidates for ©lection were read for the first 
'time, in ,, f avour, ''of 

Gland;,,'D-laiEiond:,^^ 17, .Moreaby; ,BU)ad,;-;Gpper:::,,01a^ E'£v 

Join /.lldwar^,; ;';;]0CK)dson,,; ; 
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John Robert Douglas, A.R.C.S.I., West-field, Saltcoats, B.O., Ayrshire. 
Laurence Francis Le Brocq, B.Sc., *‘Akender,” Guildford Eoad, South 
Farnboroiiglb., Hants. 

Donald Heil McArthur, B.Sc.,. 28, Grafton Street, Glasgow. 

George Frederick Robertshaw, Mornay, Xearsley Road, Higher Crunipsalh 
Manchester, 

Eric Siiikinson, 14a, Albert Bridge Road, S.W.ll. 

Thomas Rxnck Stopford, M.Sc., “ Woodbank,” Macclesfield, 

Certificates for election have been authorised by the Council for 
presentation to ballot under Bye-Law 1(3) in favour of : 

James Garfield Anderson, M.Sc,, Southland Boys’ High School, Invercargill, 
New Zealand. 

Juan Pedige Charles Chandrasena, B.Sc-, Technical Schools, Colombo, C’eylon. 


Messrs. E. H. Lowe and J. Reilly were elected Scrutators, and 
a ballot for the election of Fellows was held. The following were 
subsequently declared duly elected as Fellows . 


William. Baird. . 

George Henry Rowland Barham. 

Joseph Gauld Bearn, M.Sc. 

Joseph William Bell. 

George Rowland Bolsover. 

Henry Aid ous Bromley. 

Albert Eric .Gashmore. ■ 

Roland Lebeg Townley Clarkson. 

John William Cobb. 

Hubert William, Bailey. 

Thomas William' Derrington. . 

' George . William Dunster. , 

.Arthur ' Broughton '■ Edge.. 

Stanley Elliott, BuSc. ' 

Eoberi Elliso;i. 

.B'rancis William Fitzgemld,. 

Sidney Fleminger, ; 

Prank Scott Ifowweather, M.Sc. ' 
Stanley Joseph Green, ,B.A. ■ 

Nalini Mohan Gupta, M.Se., 

; Ernst' Johannes Hartung, M.Sc.', 

■ „ The ' following. , papers were read- 


Fred Henesey, B.Sc. 

John Bright Hoblyn. 

John Laurence Pitchford Holling- 
worth. 

James Henry Lindfield. 

Ben Lockspeiser, M.A. 

Francis John McConnell. 

Alfred Zygmunt Molteni. 

Edgar Newbery, D.Sc, 

Edward Ghurton Powell. 

Madyar Gopal Ran, M.A. 

Bertram Leonard Read, B.Sc. 

Eimar lyar Olsson Seffer. 

Alan Speedy. ■ 

Louis Stott. 

John Thomas, B. A., B'. Sc. ■ 

John TurnbulL 

Richard 'Henry Yernon, , Ph.I). 

■ Hubert Charles -Siegfried, de' Whalley., 
William. Whyte. , 

Samuel Walter Woolley. 


The'' 'equilibrium, iso,therm,' of ’■ass.ociatioii.- in. organic . solutions the 
■ ' solvent oF .whi.ch .is' -unassociated as pure, liquid'.’'' -^ B'y, lY. "R-.-.:',' 
' ,' Inhes.'. ; 

''^,„Biaz'oimides*,„'nf J-nitro-' , /and. .' '2-:'6-dxchloro-|^phenyleiiediaihine.,,//' 
"-/: '"By/G; Cleage, 
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ABBITIONS TO THE LIBRARY. 

I. Donations, 

DubosOj a., , and,, LitttringeEj .A. Rubber:', its ■ prod'uctioii, 
cbe,mistry and synthesis in the light of recent research. , A prac- 
tical , handbook for the use ■ of rubber cultivators, chemists, 
economists and others. English edition by Edward W. Lewis. 
London 1918. pp. xi + 383. ill. 21s. net. {Eecd. 6/6/18.) 

From the Publishers : Messrs. Charles Griffin. 

Plimmer, Robert Henry Aders., Practical organic a,nd bio- 
eheinistry. New and revised edition. London 1918. pp. xii + 
636. ill. 18s. net. (Eecd. S/6 /IS.) 

From the Publishers: Messrs. Longmans, Green and Co. 

Rambay, Sir William. SeeTiLDEN, Sir William A. 

■ Tilden, 'Sir William A. Sir William Ramsay, F.R.S. 

Memorials of his life and work. London 1918. pp. xvi 4-311. 
ill. lOsy net. (Eecd. 6/6/18,) From the Author. 

Young, Sydney. Stoichiometry. 2nd edition. London 1918* 
pp. xiv4-363. ill. 12^. 6c^. net. (Eecd. 4/6/18.) 

From, the Publishers : Messrs. ' Longmans, Green and Co,' 

II. By Purchme. 

Browning, Carl Hamilton. Applied bacteriology. Studies 
and reviews of some present-day problems. London 1918. pp. 
,x,iii4-:291> ' ill. 7s. 6^/. net. , . (Eecd. 12/ 6 / IS,) 

Chemical , Manufacturers ’■Directory- of England, .Wales' 'and 
Scotland,' with -some of ,the ■ firms in ,'Treland, 'for : 1918.;,, ',Being ,, a 
list of the principal inanufacturers of chemicals used in commerce, 
medicine, agTiciilture, and the arts. 50th edition. London 1918. 
:,pp.''',2357' 3^'. net. /a';:,''"-' 

Collins, Sydney ',H,oae,e. '/-Plant' products ,a,nd;,ohemioalfertili»:^^^ 
London 1918. pp. xvi 4- 236. 7s. 6d. net. (Eecd. 12/6/18.) 


ADDRESS» 

Reprints of the President’s Address delivered before the Che'in.it^al 
Society on March 21st will be ready in July. Those Fellowa des'irous 
;p; assisting ';the''CdUncil^ circulation of this Address are- reminded 

that copies can be obtained from .the Assistant' Sec.retary free of 
charge. 



PBOOEEDINaS 


OF THE 

CHEMICAL SOCIETY. 


Ordinary' Scieiitiiic Meotingj TEursday,; November' at' 

8 Ib:ol'esi:!'oav W/ Jy Pope, ■■'03 E.K.S., PresideEt,.,. in . the 

0hai'r.:0 ■ . 

, : The', P'BEsmEKT,, announced.- 'that the Society had .lost,'' through' 
^dea'fch, dhe:'-io].Iowing,:Pellows 

Died on Service. 

■'■'Elected..""- .■.'■■''' Died.''-:.-.-- 

'" .- Feb'.-' -15th,-' 1894. . .Hoveaiber-dth, ' ’■■' 


damos Bayne June 14th, 1874. 

' Jo-sep-'h .John', B:twl'ey' -'.Feb. 20th, 1896. August 21st'.' '■'' :^^ 
''"Itory ,B-roadbent, ■ April 4th,'' 1689'. , July ■, 'SSth, ,^'- 
VVilliam 'Edw-ard Callister ■B.ec. 2nd, 1909. August 15th. ' 

VVilliiwn Adam Dixon Dec.. '18th, '■■|862.'. , ' -/No-vemb-er '''6th,, ''191-7. 

Charles Thomas Foreman Dec, 5th, 1907. October 7ih. 

Charles James Pern ell er Fuller ... Feb. 20th, 1896. June 2nd. ^ 

David Smith Jardin Peb. 19fch, 19C^, , May 13th. 

Sydney Lupton Dec. 5th, 1872. July 10th. 

Edvmrd Mutthey Jan. 17th, 1874. October 21st. 

;''''',,E-'iias''::ll!,endb»a:::':..:..;'.-;.';'::-'-',c : 'September '^th.' 

Alfied''-',''B-enier:'-.-.'''',;'.;iv.y.''.''lAC'.V;;c^^^^^^ 1675. -'"'^;June-29t!i.' ■ 

Walter Dalrymple Severn May '7th, 1896. August 11th. 

John William Shepherd June 15th, 1899. July llth. 

Henry Charles Stephens April 15th, 1880. July 8th. 

;.;;:;'':';Dlniiitop'her,';^Wil^9n .Dec..'6th^^'';d894. c- August .7th. 
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Office* Under this scheme, an appeal is mad© for voluntary 
lecturers who would b© willing to deliver occasional lectures tO' 
the troops in the United Kingdom, FrancCj or Italy. In accord- 
ance with the scheme., the lectoers will not receive fees, but all 
expenses will be defrayed. Fellows who contemplate taking part 
in' the scheme are requested to communicatei' with the Assistant 
Secretary, from whom further particulars can be^ obtained, 

Messrs^ W. E. Grist, F. W. Fitzgerald, A. Z. Moiteni, E. L. T. 
Clarkson,, and W. J. Lund were formally admitted as Fellows of 
the Chemical Society; 

Certificates were read for the first time in favour of: 

Lauchlan Henry Fyke Acland, B.A., Island View, Barton-on-Sea, Hants. 
Valentine George Aidei’son, 31 Victoria Avenue, Canterbury, Victoria, 

, ■ ■•Australia, , 

William Leai’mouth Baillie, 70j Hampton Bead, Clifton, Bristol. 

Ernest George Balls, B. Sc., Orford House, Wellington Bead, Wanstead, 

„ Ell. ■■ 

Percy Barrs, 33, Lancaster Park, Bichmond Hill, Bichmond, Surrey. 
William Andrew Stewart Blaine, B.Sc., Ardbana Crescent, Coleram©. 

John Harold Bright, 157, Greenvale Boad, Eltham, S.E. 9. 

Hubert Thomas Stanley Britton, B.Sc., Lynn Dene, Court E>oad, Kings- 
wood, Bristol, 

Chaides Daniel Buckley, 62, Gildia Brook Boad, Eccles. 

Jules Gofman-Nicoresti, 15, Speenham Boad, S.W. 9. 

Maurice Oopisarow, M.Sc. , The ' University, Manchester. 

Cyril Murton Croft, 37, Eusholme Boad, Putney, S.W. 15. 

Herbert Hector Donaldson, 15, Ash Leigh, Anfield, Liverpool. 

...George, Zephirin Bupain, '“Sym,'ington,*-’'Parrajnatta Boad, Ashfield, Sydney, 

■ Australia. 

Herbert' Johir .Evans, B.Sc.., 7, 'Market .'Street, H'averfordwat.' ' ■ 

' James '.Foster, 59, Elizabeth Street, North Woolwich, .E. 16, 

■ Alfred "Edwin Gates,' 32, Conway Boad,. Luton. 

': Herbert William- Q'epp,,'Hoba.rt, Tasmania. 

.'' Geofirey .Gladding, . M.Se., 4,,. He.aton. Boad,- Heaton „ Norris, ■Stockport... ,' ■ , 

' ■ 'George .'Grant, .“ Tinniver,*^’- B,almoral A ve.nue," Oathcart, ' Glasgow; , 

■ John Bussell Green, B.Sc., 2, Belmont Park, Lee, S.E,, 13. ' 

'' '.William Duthie. .Haigh, B.Bc.,' 16, .Cavendish Avenue, Church. .End, 

Finchley, • N. 

.'. .'Harry 'Hep.worth, 'M.Sc,,. NobeFs .Explosives.'-Oo.,, Stevenston;' 

Herbert Leslie Howard', 44, Disraeli Boad, Forest Gate, E. 7. 

William Claude Jago, 17, Wilbury Avenue, Hove, B.O., Brighton. 

Cosmo Johns, Burngrove, Pitsmoor Road, Sheffield. 

Clifford William Judd, B.Sc., 4, Maythorne, Ardrossan Road, Saltcoats, 
';':■:^..,,y.:..■■;E«.G(;,.;Ayrs^ 

Frederick John Kettel, 47, Limes Boad, Beckenham, Kent. 

Thomas Kilby, 1, Westfield Boad, Toilet Lane, Bradford. 



S-hili Ij-oo, 70., High Lane, Chorltoii-otmi-Hard'yj 'Manchestei'. 

Joliii Arriioar McKerrow, M.A., B.-Sc.,,' 2, Kymer .Yillas, Kitlweily,, Car* 
rna/rilieiisliire. 

CMiarlos Stewiart Maries,, B.,Sc., Eggesford Cottage, Queeris Ei>ad, Aidershot. 
NoriiKiu Loiiis Matthews, 45, Tyrwliitt Hoad, Brocklej, S.E. 4„ 
llo'bert Alfred Moore, B. Sc., 9, Conistoii Avenue, West Jesmond, .New- 
'Castle-oii-Tyne. ' ■ 

William Newton, Station Hoad, Wootton Bassett, Swindon. 

Douglas Norhiiry; Lyndene, Lansdowne Road, West Didsbury, Manchester. 
Edwin Hart Hur.se, B.Sc., ‘tSouthwold,’’ Lewis. Road, Sutton, Burrey. 
Mehtah Singh Obroi, B.Sc., Gordon College, Rawal Bindi, India. 

Leslie Henry Parker, M.A., D.Sc., “The C'he.stnuts,” Church Road, 
Leatherheadl 

John Paterson, 1, Rowallan Gardens, Glasgow. 

WilHed\S:tanley, Pheasey,, Socond B.EwF. .■! A'; ■ ;>■ ' 

, Alexander. Parh.Rorter, 167, Grepvale Road,,; Elthani, ;S.E.. 9: ' 

Joseph Francis J?ratt, 77, Haiibnry Road, Pontnewynydd, FontypooL' 
Ihdph John Fugli, 99, Lonsdale [Etoad, Barnes, S.,W.13. 

Goorge ■ Thomson , Pur ves,.,.‘lThirlestaiie/’ Ghrys'ton,' Glasgow.' 
D.iidfey'''Bidge,y7, College Flace, Brighton.- 

Ered.erick ..Maurice BO'We, . ...5,.. W.oodbiiie' ''.Terracey' '...Latchford,,- 

• '■ •Warrington..' 

Walter Salmon, 17, The Grove, Eccles. ' 

iMonte Ambrose Shcnit>ii, 15, Cedar Avenuo, Weiuste, Manchesier. 

Willkin Bani.say Sibhdd, 5, Maiior Boad, Hoy lake,; Birkenlieaxi 
George Sniitli, M.Sc., 53, Qiieon Street, Great Harwood, Blaekbnrn. 

'riionms William Southron, 32, Casseldeti Road, Harlesden, N.W. 10. 
Joscjdi 'ravjogcs, B.Sc., 36, (JraHon Street, Mib End Road, E- 1, 

Willimn Henry Totnlinson, B.Sc., Law Street, Tmmpike,^ W 
M'anchestor. ' ■ ' ' 

Walter Towse, Woodland Villa, Glastonbury, Somerset. 

Henry hlarshall Webb, B.Sc., I3-, lAmcaster Gate, W. 2. 

Percy William WcBton, 59, Grafton Street, Manchester. 

Sidney Edward Whiteheatl, B.Sc.Eag., 92, Bristol Street, Birmingham. 

; Clittfles Williams, ■BySc.,- 45, ^O.akington. Manor '-©rive, : Wembley , 'I'Middlesekl 
Georgo Adamson Peinbertoa Wright, 36, Apsley Road, Clifton, Bristol. 


The following Certificates have been authorised by the Council 
uuder Bye-Law I (3) for presentation to ballot; 

Bhaktabatar Banerjee, M.Sc., 26, Mogul Street, Barigoon, Burma, India. 
Amnlya 01i|andra Bose, B*Sc», %kdfei> iWiwti, B.N. Mj*} India. 
Louis Pierre Bosman, University o£ Capetown, Capetown, S. Africa. 

Tarak Proead Ghose, B.Sc., Dehra Bun, United Provinces, India. 

The following papers were read: 
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and ■mixed j in aird' By H, F. Cowa'rI), Ci 'Wi 
and W. Payman. 

'** The fi-biii/yiarylamiiies. Pai’i I. The action of ■/z.-butyb 
cMo-rid© on a- and' ,2?4oluidinesd' .By J. Reilly and W« 
Hickineootom, 

“■The ■ fi-biitylarylamines. Part II. The nitration .products of 
. fi.d3utyl-_23“tbluiditied' By J. Reilly and W. J. Hickinbottom. 


Ordinary Scientific Meeting, Tliursd'ay, November 21st, 1918, at 
8'p,m.,' Professor' Wv J. Pope-,.. CiB.E.,, F.R.S.,, President,' in the 
Chair.; 

The pBESlbEnT referred' to the,. loss sustained by the 'Society, 
through death, of the following Fellows : ' 

, Elected. „ Died. 

Richard Peiid'arveB Hodges ............ Dec. 4tli, 1913. Oct. 29tli. 

Edgar Dingle ' Jones ......................... May 2nd, 1912. , Nov. 4tL ' 

' John Sydney Keel ■ Eeb. ISth, 1917. ■ .Nov. 3rd., 

Messrs. S. J. Green and A. L. Bloomfield were formally admitted 
Fellows' of the Chemical Society. 

Certificates were read for the first time in favour of : 

, Reginald Christopher Bichmore,. 5, '-Clarence Road, Sydenham Road, ' ■Croydon. 
Stanley Edward Bowrey, B.iSc., 115, Hamanlfe Road, .Deytonetone,, E., 11. 
.■,Benj.amhi -Richard. Heasman, B.Sc.,. Rutherglen,. Throwl-ey Road, Sutton., 
Harry Jephcoti, 'M. Sc., -43, King Henryks Road, Hampstead, N.W. 3, 

" John":'Pa.,rrish', B.,Sc. Tech., Ringwood,-. The -Gree^n, 'Sid cap-, Kent. 

' ■; ■ Ernest-, Edward - P-endlehury, * ‘ Moss , B.ank/ ’ . 184, ' W e.llington Bcmd , Ecolefi . ;' ' 

■■' Francis' Henry .,»Sweeting ,-Wameford-, 'BA., ,B'.Sc.j.'„ 21, „BocheBter" A-venne, 
Sedgley Park, Prestwich, Manchester. ^ ^ 

Leo Daft Williams, 16, Hauteville Court, Stamford Brook, W. 6. 

■' ■ Charles Thomas Wooanam, M.A., Royal Avenue, ', Low,esto'f t. : 

■'^,-:';'Tho:.'',::me6ting:'^ Adjourn^- ".and ' .th.e :^Infdrh3tal-'', Meeting 

declared open. 
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LECTURE. 

Ai tlie Orclmaiy Scientific 'Meeting to ' bcv lieid on Tliursclay, 
December lOtli, at 8 p.m., tbe first of . the Lectures bearing on tbe 
ultimate constitution of matter will be .. delivered by Professor P. 
Soddy^' M*A., P.R.S., wbo bas cbosen as tbe title of Ms discourse 
The Conception of the Chemical Element as enlarged } 3 y the 
Study of Eadioactive Change/^ 


RESEARCH FUND.^ ^ ^ ^ ^ ^ ^ ^ 

A meeting of the Research Fund Committee will be held in 
December next. Applications for grants, to be made on forms 
which can be obtained from the Assistant Secretary, Chemicai 
Society, Burlington House, W., must be received on or before 
Monday,' D'ecember 2nd, 1918. 

All persons who received grants in December, 1917, or in 
December of any previous year, whose accounts have not been 
declared closed by the Council, are reminded that reports must be 
returned to the Assistant Secretary by Monday, December 2nd. 

The Council wish to direct attention to the fact that the income 
arising from the donation of the Worshipful Company of Gold- 
smiths is to be more or less especially devoted to the encourage- 
ment of research in inorganic and metailurgical chemistry, 
yurthemore, that the income due to the sum accruing from the 
■PerHh' Memorial; Fund is' to ■ be; applied to .investigations '. relating 
to problems connected with the coal-tar and allied industries. 


,:ADDITIOHS::tg::;THB: ;LI;BRARY. 

I. Dmiatiom. 

T. Wersuch '.fiber-, '-.die ■ "Theorie.^ 'der-;' - -chemischen 
Proportionen uiid fiber die chemischen Wirkungen der Eiectricitat ; 
iiebst Tabellen fiber die Atomengewichte der meisteii unorganischen 
Stoffe und deren Zusammensetaungen. Nach den achwedischen und 
;';fra-n'25pm^ch6a':;:':v::,G%inalausgaben;'-';beaid)eiM :A*;:'-'''"'Blbd'e;;, 



Biscjii'OF, GirsTAV., Eleineiiis o-f diemical aiif'l f)Iiysieal geology. 
¥o’L III. Loiidoii 1859. pp. xvii-i“5G6. 

From Mr. F. J. R, Cariiria. 

Bo.nf, 'William, Akthub. .Coal' and ■its Bcieutific uses. Lonclo'n 
1918. , pp. XV + 491. . ill. net. {Eecd, 2018118:) ' 

From, the Publishers:; Messrs. Lo^ngniansp Green and. Co, 

B;Oox,Ej "William THaM:As. , A complete oourse of volumetric 
analysis for.middlo and higher forms O'f' schools. London 1918. 
pp. viii + 164. ill. , 36* . OcL net. (Reed. 9/1/18.) 

From the Author. 

Bos well, P. G. H. A memoir on British resources of sands and 
rocks used in glass-making, w^ith- notes on certain crushed rocks 
and '.refractory 'materials. 'With chemical analyses by H'. 'F. 
Haiotoou and' a. A. ELmuDGE. : ■y.nd''', edition. ' Lo'iidon , 1918. 
pp.. xi + 183. ill 7s* Gd. net, (/j?ccrL 6/7/18.) 

From the', Author. 

, A memoir on British resources of refractory .sands' for 
fUrna.ee .and fouBcIry, purposes'-*. ■ .With... ■chemical analyses'; by H*', FI ,' 
'H'AKw'ooi),. and, a. ,A'.' '■■Elbuibgb.' ■.■ . Part. .'I.- ; Imnclon' -'lMB. .p.p.''- 
xii + 24B. ill 8^. 6d. not. 23/10/18.) 

From ■ the Author.' 

.. Giiaubhuhi, TAn:tNi Charan. .■ Fir- 'Wiiliain :,Ram,say 'as' a'nci-entist 
a'fid ma:tL '-.Calcutta 1918. . ,pp. xii-t-BOl' -'(Acc^. 8/7/18',).' 

From the .'Author. 

CoLVKK, Ed w ARB. BE Wvci\EU-',sL'Lv- 'S w'lET, ' High 'e'xp'io'sives A 
.-'practical treatis.e., London- ' 19.18. ' ''p-p. ' x"x.ix + 830,. , ill - jES -'iL.', 
net. (Revd. 17/7/18.) ' " ... 

From the Publishei‘s: Messrs. Ih'osby Lockwu(Hl and Hon. 

Gatehouse, Frauk Brooks. A hajull)0ok for ccTucut works 
chemists. 3mi edition. London 1917. pp. viii^l-i64. • ilf. 
6^‘. net. (Meed, 30/10/18.) Prom the Author. 

Hale, Arthur James. The applicaiiotiH of electrolysis in 
chemical industry. London 1918, pp. ix + 148, ill 7s, 6d, net. 
[Reed, 2/10/18.) 

From the Publishers ; Messrs, LongmauH, Green ainf Co-. 

Hofmann, A* W. Introduction to- modern chemistry. Experi- 
mental and theoretic. Embodying twelve lectures delivered in the 
Eoyal College of Chemistry, London. London 1865. pp. xv + 233. 
ill From Mr. F. J1 B. Ca^ruila, 

Instiotto m Mitawl ¥oi, I. Lomdw 1909. 

‘(Refermm.) [1o oomptet© Frewa Hie Imtital#* 

KinG 2 ib«, GuAnnus Thomas, diemistry' fer , beginners and 
school um 3rd ediHcm. , *pp/ 'vin+SIl*' ‘iil 

3a* 6rf. net. (Redi. From- Hit 



KNEOirT, EnMDKm, a»id Htbbert, Eva. New reduction metliods 
in volvmieifj’c analysis. Reissue, with additions. Tjondon 1918 
pp. x+13,5. ill. 5.S. net. {nectl. 20/9/18.) 

; ■ ' Fmm tlie Aiifcliors. 

.Liebig, Justus* ■ Familiar . fetters on chemistry. ■, „ Second, series, 
llie. pMlosopliical principles and' geiieraL laws of 'the science. 
.Edited; by Joi-w Gardner. .'London 1844; pp. xii'+. 218 . 

' . ^ ^ ■ From' Mr. F. J. R. Carnlla. 

~ Oheiiiische Briefe. Leipzig 1865. pp. xxviii-f532. 

From Mr. F. J. R. Carnlla. 

Macquer, Pieere Joseph. Eleinens de chimie-theoriqne. 
Paris 1753. pp., xxiv-p 355 +'[xxYi]. .ill.' 

' : ■ ■■■■■From, '.Mr. F-'J. B..' 'Carnlla. 

M'IiNIST,Et' OP'MuHIT'I'ONS. ■ .MUHXTIO-NS IK'VE'nTIONS' DEEAETME i^T 
Pliysicah ,,and ■ ' chemical data .'..ot-. nitrogen componiids,.' ■ "'.''Specially 
,c.Oim:pile<J 'for ..use in con,nec'tioii' with.; the' ■.s.ynth 6 s'.i 3 ',,aiid ox'idatiO','ii, ,of „ 
ammonia. London 1918. pp. 49. (Eecd. 11 j 7 jlB.) 

'From ,the ' 'Comptroller,..; 'M.I.l).,,,., 

Mitsoher-Lich, Ei'lhaed. Practical and experimental chemistry, 
adapted to arts and manufactures. Translated from the first por- 
tion of his compendiiim by Stephen Love Hammick. London 1838. 

From Mr. F. J. R. Carnlla. 

Smith, Ernest A. The zinc industry. London 1918. pp. 231. 
10.s‘. 6J. net,' iEec3, 17/7/18.) 

From the Publishers: Messrs’ Longmans, Green and Co. 


:'^'M«TIFI'OATES'i'dGI;,'^''.CAHI)IDATESi'..',:FO 

.:'BE.:'--'-HiiLDy.-:.-AT''...':T^ 

' ■ '■ .;MiET.MC ' ON . tmtJSBDAY,: ^ 

N.IL — The names of those who sign from General Knowledge '' 

. of '/ 5^'ith .^Eoiiourfedn''. 'chtfeiftff 

Andtoon, Vatentini Gioiia®,''31 Ayeime, Canterfewy, Victoria, 

Aiwtralia* Con»nlting cliemki ' assay or, Schoof oi Mines, 

]-Ullarat, Australia. Victorian Government Research Scholar in ' Chemistry, 
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University of Melbourne (1912-1915). Formerly demonstrator in cbemistry, 
Scliool of Mines, Ballarat, and lecturer in- chemistry, Melbourne Technical 
School (Working Men’s College). Author of paper on **The Influence of 
Weather Conditions upon the Amounts of Nitrogen- Acids in the Eiainfall, at 
and near Melbourne, Australia,” *‘Q. Journal of the Royal Meteorological 
Society,” vol. xli., April, 1915, pp. 99-116. See also “Aminal Reports of 
Progress of Chemistry,” 1915, pp. 210-211. For f mother work on same subject 
see Reports British Association, 1915, p. 87--94j 1916, pp. 128-130. {Signed 
hy) D. Avery, Orme Masson, Heber Green, Gilbert Rigg, W. Russell 
Grim wade.' 

Batuoie, William Learmolth, 70, Hampton Road, Clifton, Bristol. 
Technical and analytical chemist, on the staff of the Director of Chemical 
Inspection, Royal Arsenal, Woolwnch, S.E. 18. Hope Prize Scholar, Vans 
Dunlop Scholar, and assistant in chemistry in Edinburgh University. ^ Now 
senior chemist on above staff, and engaged for over two years on confidential 
analytical and research work. {Signed hy) Jumm Walker, Sydney A. Kay, 
Alex. C. Gumming, Leonard Dobbin, H. Gordon Rule, J. P. Loiigstaff, 
Oliver Trigger,"; A. Vincent Elsden.- ■ ■■ 

Bainbeidoe, Fbank, Woodland View, West Road, Loftus-imCleveland’. 
Chief chemist (metallurgical and fuel), Messrs. Skininingrove Iron Co., Salt- 
biirn-by*Sea. Pupil under Messrs. Pattinson and Stead, Middlesbrough, 
1906-1911. Metallurgical chemist, Messrs. Skinningrov© Iron and Steel Go., 
Saltbiirn, 1911-1915. Chief chemist at Skinningrov© Iron and Steel Co. , 1915 
to present day. At present engaged on a research, “Fluorspar and Basic 
Slags” (Carnegie Research Scholarship). {Signed 6y) Alfred Hutchinson, 
Ernest Bury, J. E. Stead, H. Frankland, C. H. Eidsd'ale, If. /uctoji, 

*V. D. Bidsdah. 

Balls, Ernest George, M.C., R.E., B.Sc,, Orford House, Wellington 
Road, Wanstead , E, 11. At present Lt. R.E. In normal times teacher. 
London Univ. B,.So., 1st Class pass. London Univ. B.Sc., Honoursi Chemistry. 
Research in organic chemistry in conjunction with C. Hollins, Esq., B.Sc., for 
three years; it was brought to an end by the war. {Signed hy) I, 
Wilson, C. Hollins, J, L. White, If. II* Simmons, /. Ilart-Smith... ' 

Babes, Percv, - 33, Lancaster Park, Richmond, .Hill, Richmond,. -Surrey. 
Manufacturing chemist, charged with - the .'analytical control ', of Messrs, 
Lot, Ltd., manufacturing chemists, W. 8. - Advisory chemist " to Messrs. 
Gaston, William,s :aiid Wigmore, London,- ■.E.U. :. (cO'ntractorB’'' tO',H'.M. Govern- 
ment). Educated at Hulme Grammar School, Manchester (winner of the 
liulmo Science Scholarship, 1897). In practice as a clinical analyst for eleven 
years past. Sometime pupil, of - F. Filmer .D© Morgan,. -F,.C.S. .Edinburgh 
Heriot-Watt medallist. Studied chemistry at the Meto of 

Chemistry under W. Watson Will, F.C.S., Ph.G., in 1904, and continued these 
. studies under H. Lucas, F.C.S., Ph.C., at the South of England, College of 
Pharmacy. Passed the final examination of the Pharmaceutical Society of Great 
Britain, 1912, the subjects including chemistry and physics. Member of the 
Pharmaoetitical Society of Great Britain. Member of the British Phar- 
maceutical Conference, Keenly desirous of keeping in touch with analytical 
and process chemistry, to attend the meetings of the Chemical Society, to 
receive its publications regularly, and to com© in contact with its fellows- 
{Signed hy) F. W. Crossley-Holland, Archibald Maepherson, J. Wicliff© 

. ' BLAiNE;,;',WiLaAi;; :,Afi&few-^';S'rsiwiiT,:j'Ard 
, master.; ; 
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Science, DiiHin. B.Sc. (London), '1911, Associate o£ King^s College, 1912. 
Science master at the Bainey Endowed School, Magherafejt, foi^ four years, 
1912 - 16 . Senior science niastex’ at the Academical Institution, Coleraine, for 
last two years. Lecturer in indnstrial 'chemistry nnder Antrim Connty 
technical scheme, 1914^.1918. ' {Signed by] Herbert Jackson, G. T. Aforgam 
Patrick H. Kirknldy, L. E. Hinkel,' ■ A. W., H.^ Upton. ■ 

Bbight, John Hahold, 157, Greenvale Road, Eltham, S.E. 9. Analytical 
chemist. Five years’ ■ experience with Mr.. Alex. E. Tucker,' F. I. C., F.G.S., 
of 55, Station Street, Birmingham (one year as chief assistant), now engaged 
as junior aasiatant chemist, Directorate of Chemical Inspection, Woolwich. 
{Signed by) R. B. Pettigrew, Ro'bt. L. Brown, Frank N. Harrap, S. 0. 
Atkinson, ' Ahx. J. Boyd, 

Bbitton, Hheebt ThO'MAS Stanley, Lynn, Dene, Court Road, ■ Kingswood, 
Bristol ; present address : 71, Allen Road, Wolverhampton'. Chemist 

(examiner in Aeronautical Inspection Department). Bachelor of Science, 
University ' of ■ Bristol, , 1914. Subjects-. Chemistry, ■, Physics,' '.Mathematics, , 
Since July, 1916, I have been engaged in the examination of aeroplane dopes 
and their ingredients. {Signed by) F. Francis, J. W. McBaiii, F. W. 
.^Bixon, J., W'ertheimer, T. H. Mallagh,... ■ ■ 

Bmton, Reginali) Percy Leopold, 58, The Crescent, Wimbledon Park, 
S.W. 19. ' Technical chemist., Nine years aS: chemist„.in paint, 'and ,varnish 
industry. Desire to use the library of Chernical Society, 

Henry M. Hatherly, Hubert B, Wood, Simon Solomon, H. Houlston Morgan, 
IF. 'i?'., Simpson. . 

Buckley, Chables Daniel, 52, Gilda Brook Road, Eccles. Consulting 
chemist (since being with the Bayei^ Co.), at 18, Booth Street, Manchester. 
Passed honours grade in chemistry, Rochdale Technical, also honours grade, 
bleaching, dyeing, Salford. Chemist at Dan. Lee and Co., Castleton, then 
extensive res.earch work in vat , coloui's, ,proces3©s in use. Chemist to Bayer 
■Go.' for 'S'ixteen years, part ,'of this '.time -research: work ■a,t ..Leverkusen,'' Ger- 
many. {Signed 5y) Lionel G. , Larmuth,. B. Ernest . Jackson, Percy ■.:B,ean,' 
,E. -J,. WilMnson, William Ma-raha 

Goeman-Nicobesti, . Jules, 15, Speenham Road, S.W.. 9. Ass'istant,;' analyst. 
M:©mber of the Pharmaceutical Society,- of Great , Britain., ' Studied 'bacterio- 
logy under S. "Q-. Paine,. .D.Sc.,,„..F.I.C..,. at .'.the ' South-Western ,' Polytechnic 
" Instituie, . ., Employed ' hy ' the. Society 'of- .Apo.thecariea ,ol: London' dn..,„th©ir 
analytical and bacteriological laboratory. {Signed hy) E. A. Atkins, G. H. 
Martin, Charles Wesley Bay ley, H. Tmcae, Gerald' Druce. 

CoprsABOW, MAtmicE, M.Sc., University, Majichester. Research chemist in 
Dcj:)artment of Industrial and Scientific Research, and analytical chemist 
in Department of Explosives Supplies. Author of following papers : — 
**Noto on Triphenylcarbinol and its Formation,*’ Proc, €hem. Soc., 1914. 
‘Hlarboii; its Molecular Structure and Mod© of Oxidation,** Memoirs Manch, 
TAt. and Phil. Sac., 1915. ** Trinitrotoluene,” Cliem. Nmvs, 1915 and 1916. 
‘*The FriedclG'rafte Reaction,’* Part I. J.O.S., 1917. ^^Phthalides of^ih© 
Benzene, Naphthalene, and Carbassole Series,** Part I., in conjunction with 
C, Weizmann, J.C.S., 1915 {Signed hy) Harold B. Dixon, Arthur Lap- 
worth, F. P* Burt, J. E. Myers, Henry Stephen, W. K. Slater. 

Ceoft, Cyril Mubton, 37, Eusholm© Road, Putney, S.W. 15* 'CSvil 
•engineer. Assistant engineer at the Wandsworth, Wimbledon, and Epsom 
District Qaa Co», and works manager of the Wandsworth Gas Works. My 
professional duties bring me into close touch with the latest developments 
of chemical science,' and I am anxious to^ maintain this connexion with the 
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ns?iistanee to olitaJnerl from flio )Sooi.ety’« ffoornril fiod ilio )T!0('‘tiogs ' at 
■Biirliiio'fcon Hoiise. {Signed hy) 'Charles S. Garla-iid, J. A. .Pick:ard. irem-y 
'Aticis, H,. SkulmaMy P. /. Fryer. 

D'A'vdis, : ' 'John E^wyn,. 'Taimawr, ■ Swansea Eoad, Alertby'r Tydvil. 
Glieniisla':'y master Jit a teclinieal 'school. . B.Sc. (London). ■ , Associate of 
Beading University .. Gdl'lege, and pass in Inghier chemistry. Hono'tirs^ cer- 
tiffete in inorganic and organic chemistry (Board of Edncation). Thirteen 
years’ experience teaching advanced chemistry. {Signed hy) J. A¥. Shepherd , 
Boht. D. Ahell, John Hanley, M. IF. Atkinson, W. Briggs. 

../Diamond, Gladdb, 17, Moresby Bead, Upper Clapton, London. Analytical 
chemist. Bachelor of Science of the University of London, first divieion, with 
chemistry one of the snbjects. For last four years on, chemical staff of 
Pritchett 'and Gold Electrical Power Storage Co., Ltd., Dagenham Bock, 
Essex, accnmtik tor manufacturers. At present time preparing for honours 
chemistry' at . Birkbeck . 'College.. {Signed hy) George Be',nt.er, 'Fred Barrow, 
G'eraldtH. Martin, H. B.'K, Drew, '■<?. D. Lander, ■ 

/■■ Donaldson, .. HFaiBEnT;, Hbgtge, ■ 15,' -Ash. Leigh, , AnMd, Liverpoed, 
'.AnalyticaL' chemist/ Liverpool City Engineers’ .Laboratory,/ Board' 'of' 'Bldiiciv 
tion /certificates, inorganic and organic "chemistry. , ' E'X'perience .in gas wo^rks 
ahalyfifep .and ' also in . 'Chemical analysis in sugar .rofiaery,* . Now engaged in 
analysis O'f ■po.iiiky '.foods,.'. an'd-manriTes m.ade from .waste veg.etable pro.d''acte. 

:-C. ',0,. Baly, .B, . Bobinson; Froysell, J. Ima, 

Irving."/ , . 

Doodso'n, .John B'Dw^ahDj; Smithy.. Bridge, -N'r. ' Eochdale, Lancs/' 'Works 
chemist 'End managing director of 'bleanhing’,.'.. 'dyeing, 'and.. 'sizing' works.' Two', 
and '.'.a-half /' years . day ., .course ' at '‘"the.' -Manchester College of ■ Teclmology ' 1st 
GiaBS'.HoBs., in Chemistry ,,,,1'895';.. three years wo'rks ’ chemist in 'eoal/taiFcolO'iir" 
works r eighteen years works chemist in bleaching, dyeing, and sizing works. 

"William Marshall,; Bohert A. -Oddy, .W. J. LiiB'd', *Sa:innel'','.M.'. 

' Waited, '■ Bob^jrt W. Oddy. 

,./ .DdHO-LAS, John /RobeJit, 'W'est-fiekL Saltcoats,. A, 'yrshire, 'N.B. ' '.'J\M‘hni(‘al 
chemist. Associate of Boyal College of Science for Ivelund, 1910; Asaw'-iate 
•of Institute of Chemistry, 1912; in the employment of MrvMsrs. N1 (find's Kxplo- 
sives Co.; Ardeto' Factory, Scotland, ns technical chemist, 191.2 l-o present 
time. {Signed hy) Wni. Binioul, N. Picton, E. WliCffier. T. W. Price, R. A. 
".Joyhe.r*v’ , ■ 

• Bit Pain, Oeoroe ZKmnnm, Symington/’ Parramatta Road, Ashfiekl, 
Sydney. Tearher of pliyxsical education. '■.trained in elumuHtry hy eomt 
petent private tutors in the usual theciretical and practical work covei'od by 
edllego dr university syllabus; studied advanced theoretical and prarfihnxl 
organic chemistry at Sydney Teelmioal College; for past nine years continn 
ously carrying out physiological and food analyses and experimental work' 
in my own lalx^ratory, the equipment of which cost about B500. Keenly 
•desirous of keeping in touch with latest researches in chemical science. 
Momber of Australian Chemical Institute. {Signed hy) Bichard W. Chal- 
'linor, Henry G. Smith, Archibald D. 011^, G. Spurge, IL 0. A. 'Harding. 

Evans, IIbebeiw JoSN, Market Street, Haverfordwest. 'Public analyst 
and consulting chemist. (Wales), P.LC« ; public analyst for the counties 
of' Brecon and Badnor; Lieut., !E.F*A* {Signed by) AIbx. Findlay, T.' Camp- 
bell James, Allred Holt, Alfred Sfnetham^ Fmnck J. Dyw.ond, F, 0. fLutkrie. 
/Fadooneh, OAMBUnnn, The Hall, .psbaldwiok. Hr;- York.- 'Manufacturing 
and 'analytical chemt^;. -also |i'harnaacdBL Maitager and chemist 
Mcote andi'Od., farma, Feasebtial' oils/ 
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nnalyBt mic! adviBer io Messrs. .Lancelat, .Foster "and Bobs,, feeding stuffs and 
man.nre' roaniiiaoturers and agricnltnral. 'inerehaiits, York; formerly . .clinical 
t'lieniist". at' the Jessop Hospital .for Women, Sheffield';' special research, 
*M5stiniation 'of the Nitrogen., Ammonia' '.Coefficients 'in' the Metabolic Disease's 
of Pregnancy, and' abstraction" .of Organic Acidity of, the '.TJrmes of "Gases of 
filycosnrim^ ' ■ (Sff/md hy) A, ■ R.' .'Cower.,. ■ John : Taylor, Artlinr ' Adams, 
Bichatd SpeMcer, 0. If. Pnestleyj OharhsBnxto’hle, 

.FO'STEE, Jambs, 69, Elizabeth Btre,et,''.N. 'Woolwich, E. 16.' .'.Stnclent 'at 
Battersea Polytechnic, Chemical Department (evening classes, 1901-1910), and 
at East Ham Technical College; twenty years teelinical experience in the 
oils, fats, distillation of tar, and allied industries. {Signed by) John Wilson, 
J. L. White, A. E. Dunstan, F. B. Thole, J. H. Johnston, 7. 

' G-A'Tbs, AnFEEB 'E dwmn, 3'2, Conway Road, Lnton,. Beds. ' Technical manager 
and chemist (dyeing, bleaching, and chemical manufacture). Member of the 
.Ph,armaceutical Society, and for -the -past 'six" years' '.works,'' 'chemist and 
manager in a large dyeing and bleaching works, also manufacturing several 
important chemical products for technical and medicinal purposes. {Signed 
.Reginald B. Brown, Alfred'-'C.;- '-Young, Bertram'. Blount , ' Geo fry" Martin, 
Walter F." 

G'BPP, ' Hbrbe.et ' , William,. Hobart, Tasmania. General , manager. ' , Ten 
ytMirs, 1896-1906, in explosives manufacturing' industry, Yi'Ctoria ',.a£id:;..',''Scot- 
land, .. m.ainly;.' with. Nobers Ex-plosives. ' Co. seven years at, , Broken " 
N'..S,W'.', .in - acid manufacturing' and in. development dotation' 'work, mainly 
as, .'general' manager, Amalgamated :. Zinc ' (de Bavay’s, Ltd.), Broken. 'Hill, 
N.'S-.-'W...;- ''Since':, 1914 engaged., in 'munition and metal' .w.o-rk in ,U.S.A'..' 'and 
Australia ; now general manager, Electrolytic Zinc Go. of AustralaBia. 
(Signed by) !), Avery, Heber Green, ■ Orine, -Masson, .W. Russell Grimwaclb, 
0- 8. Dawes. 

, ',:G.LAnn'iN'.a," G'RDFFebv, M./Sc.','. 4,." .Beaton Road', Heaton Norris, , B-tockpoft. 
.Research chemist in Messrs. Hardm'an:"'and.' Holden, .Miles- .Platting."," B'-', Sc.., 
1st Class Honours, University of Manchester ; M.Sc. by thesis, ‘‘ CMor-m ethyl 
.Alcohol and some of its Condensation Products. (Signed hy) Harold B. 
Dixon, Arilmr Lapwortli, Henry Stephen, W. K. Slater. F. P. Burt, 
Norman Smith. 

Grant, Gf.oiujr, “Tinniver,” Balmoral Avenue, Caihcart, Glasgow. Teolr 
nicnl chemist a,nd assistant general manager. Student fur two years under 
R. R. Tatlonk and Tiinmson, Glasgow; assistant to above firm for four 
yeai's; assistant in charg<‘' of students* department for one year (1913-1914); 
chier (issistant in laboratories of R. -R. Tatlock and Thomson; for one and 
st'lmlf y(‘av.s (1916 1918) chemist Bladdock and Macartlmr, Ltd., colour 
mu,nufa.ctiirers, Ghisgow, from March to September, 1918; now tedmical 
chemist and assistant general manager, Messrs. Victors, Ltd., chemical 
manufacturers, Stal^bridge ; brought out a raw linseed oil substitute during 
my resotocbes while chemist ’ io Blacklock and Macarthur, Ltd., Glasgow* 
(Signed hy) R. R, Tatlock, G. G. Henderson, Thomas Gray, E, T. Thom^n, 
James Booth, John Turnbull, James McAlley. 

Grw, John RtT??SBLL, 2, Belmont Park, Lee, S.E.13. B.Sc.(Ii0nd.); works 
chemist; at present Captain, 10th (S) Bn. the Hampshire Regt. From April, 
1913, to 'Octobers 1^14, when J 'join^ the Army, I was chief works oh«nist 
to Messrs. Batchelor and Co., Ltd., Llanelly, 8. Wales; prior to April^^ 1913, 
I was demonstrator to the late Sir W. B&msay’s practical chemistry class, 
and was condhcting an investigation into' complex mercu,ry wmpounds; 
this wae left unfinkhed owing' to toy leaving University College, London; I 
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wish to further my knowledge of chemistry, (Bitjned by) Frank Colliiigridge, 
W. 'B, Tuck, J. N. , Collie, F, G. Bonnan, *8. Smiles, 

Haigh, William Duotie, 15, Cavendish Avenue, Church End, Finchley, 
N,3. Besearcli chemist under the Department -of Scientific and Industrial 
Research. B.A,, :B.Sc,(N.U.I.) Chemistry; Associate of the R.G.Sc., Ireland 
(applied chemistry) and A. 1,0.; chemist to the Geological ' Survey, Ireland, 
1909^12; on staff of the Royal College of Science, Ireland, 1912-1918; “A 
Method for the Estimation of Hygroscopic Moisture in Soils/’ Broc., .R,B. 
Soc., 1915; “The Volcanic Rocks of Phillipstown,” Proc., R.I.A., 1914; 
^Mnterhasaltic Rocks and Iron Ores of N.E. Ireland/’ memoir, Geol. Survey, 
Ireland, 1912. (Signed by) Q, T. Morgan, Herbert Jackson, Herbert Savage, 
H.'P. Coward, H. M. Atkinson, A. J. Hale. 

Hepworth, Harry, Nobel’s Explosives Co., Stevenston, Scotland, Works 
chemist. B.Sc,(Lond.), 1st Class Hons. Chemistry, 1914; M.Sc.(Lond.), “On 
the -Stereochemistry of the Oximes”; A.I.C. Branch of Organic .Chemistry.; 
F.LG.j 1918; research work with Prof. F. ,S. Kipping, ■ Uni v. OolL, Notting- 
ham, 1914 and 1915; Propulsive Dept., NobeFs Explosives Go., 1915 to 
present time* (Signed by) William Rintoul, William Barbour, G. H. Beckett, 
Thomas J. Nolan, Norman Picton, ■ T: ' W. ■ Price. 

Howard, Heuberi? Leslie, 44, Disraeli Rd.,. Forest Gate, E.7.' Analytical 
and works chemist. I am a registered student of the Institute of Chemistry, 
Inter.B,Sc.(L'ond.}, and now proceeding to Honours B. Sc. (Ohem.) ; in all, 
seven years’ study (practical and theory! of chemistry, and nearly five years’ 
experience as works chemist to three different fimB. (Signed by) Frank E. 
Weston, George Senter, A. Molteni, Frank G. Pofe^ E. Bkhards Bolton, 

Jago, William CLAUDEi 17, Wilbury Avenue, Hove, /Sussex. Lieut,, 

E. F.A.(T.) ; analytical and consulting chemist and bacteriologist. Studied 
and acted as assistant for some years with William Jago, sen., F.I.C., 

F. ’C.S., and also with Professor Jorgensen, of Copenhagen ; subsequently 
practised on own account until obtaining a commission in his Majesty’s 
Forces on November 15th, 1916; since then lias acted as ^ifas defensive 
instructor until sent, on active' service, - overseas in .December, ' 1917,. 'and 
then took on the duties of ■ divisional artillery gas . officer ■ until entering" 
lio-spita! ; joint-author of “The Technology of Bread-making.’V {Signed' by^ 
William ' Jago, M.. 0, Glutterbuek,. W. H. Gibson, Julian .L.,- Baker, Henry 
'F.,Everard..Hulton.- 

.. . Jeffs, Bernard '.Artitoe James, .35b, '/G lacis tone Avenue,. Wood,,. Green, 

' N.22. Student ' ,of ' chemistry. ■ -at the, .. .Technical „ Colleg'a, ■' , Finsbury, , London, 
■E.C.2. As a second -year ''student'--of chem'istry at' .the. 'City .and' Guilds of 
London ,Institute,. .'.I-'.'-am- very-' desirous of: keeping' 'in-,', vtouc^ .with. ,. current 
literature'.'' .0/ ."T. ,- Morgan,:- Arth'i:ir';'J..' Hale, H./.'-M. , Atkinson, 
Percy Edgerton,.,,- -Walter A,.,' Voss. 

Johns, Cosmo, Burn-grove, Pitsmoor Road, Sheffield. Metallurgical 
engineer. Melting house manager, Vickers, Ltd,, Sheffield; director, Oiighti- 
bridge Silica Fire Brick Co., Ltd., nr. Sheffield; superintending manufacture 
of special steel for armament work ; member of Council of Faraday Society ; 
communications to Jonrn. Iron and Steel Institute, lourn. Institute of Metals, 
dourn of Soc, Ohemical Industry^ Geologiocd Magazine, Proceedings of the 
Faraday Society, Transactions Ceramic Boeiety. (Signed by) Cecil H, Desch, 
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eliemisfc at N-obeFa Explosives Co., Steveiiston, ■ Ayrshire. “ (Signed hy) Alex.' 
Findlay,' T. Campbell James, Wm. Rintonl, , T. W. "Price, G. H. '' Beckett, 
Wm. Barboiir, Thos. J. 'Nolan. , , ■ ' . ' ■ ^ 

Keeble, Edwin ' Peecy, Bummer Lodge, .Kenilworth. C ' Departmental 
manager of British Portland Cement Manufacturers, Ltd. Chiefly scholastic, 
having specialised in chemistry at Oundle School and in practical way at 
Cambridge, and since then as amateur and student, keeping up to date with 
current literature. (Signed by) A. C. Davis, S. G, B. Panisset, H. K. G. 
Bamber, B. H, Barry Stanger^ S. Dichson. 

Kei’TFX, Fbederick John, 47, Limes Hoad, Beckenham, Kent. L®cture 
assistant in the Chemical Dept., University College, since 1909. (Signed hy) 
P. G. Donnan, J. N. Collie, Henry A. Miers, Samuel Smiles, H. Gordon 
Bibby. 

Kilby, Thomas, 1, Westfield Road, Toller Lane. Bradford. Works chemist 
and manager. Six years* studentship, Bradford Technical College, Chemistry 
pept,; seven years West Ridi County Analyst’s Laboratory; fifteen years 
chief chemist, D, Salmond and Neph., Bradford (soap, oil, and glycerine 
manufacturers); two years manager, D. Salmond and Neph., Bradford. 
(Signed &?/) P. W. Richardson, Walter M. Gardner, Barker North, G. W. 
Blatter, B, A. Burreil^ J. R. Denison, 

, Knibbs, N.oeman Victor Sydney, .Melbourne, ' Australia. , .Chief ; chemist, 
H.M. Factory, Langwith. B.Sc., Melbourne; A.I.C. ; Keimbt Final Honours 
Scholarship in Chemistry ; chemist in B.E.S. M. of M., since October, 1916; 
now chief chemist at above factory. (Signed &?y) John Mitchley, E. Taberner, 
A, G. D. Rivett, G. W. Bailey, A. Geake. 

Le Brocq, Laurence Francis, “Akender,” Guildford Road, Boi|th Farm 
boro% Hants. Assistant ehemist, Royal Aircraft Establishment. Bachelor of 
Science (London), 1st Class Pass ; Associate of Institute of Chemistry ; one 
year*s experience (works) of analytical and research chemistry (inorganic) at 
private firm; two. years’ experience of analytical and research chemistry 
(mainly organic) at Royal Aircraft Establishment. (Signed by) 
J. B‘, Coleman, "J. G. Crocker, F. H. Lowe, Gilbert,, Palmer, A. '' U. ' Newton, 
,H.,\Arwel. Thomas. 

' Little WOOD, Ernest Alfred, "12 B.rookfield Road,. Crumpsall,, , Manchester, 
Works chemist. Associate Manchester School of Technology ; diploma in 
general chemistry ,and chemical technology *, matriculated,, London'' University, 
1908'; ,chiei , assistant,' sulphur' o-olours ..department.,: with, Messrs.', Levinstein," 
Ijtcl'., Manchester, 1903-1918; members of Soc. Chem. Ind. and Soc. of Dyers 
and (iolourista. (Signed hy) Herbert Levinstein, Trevor 0. Morgan, Thomas 
Callan, Jas. A. Russell Henderson, Robert Barton. 

Loo, Bhih Chen, 70, High Lane, Chorlton-cura>Hardy, Manchester. 
Associate of the College of Technology, Manchester; research student in 
chemistry. Student of chemistry for three years in the College of Tech- 
nology; one year research student in the Owens College. (Signed by) 
H. B. Dixon, W. K. Slater, Henry Stephen, S. J. Peachey, E, L. Rhead. 

MoAethue, Donald Neil, 28, Grafton Street, Glasgow. Lecturer in 
chemistry. Graduated as Bachelor of Science (B.Sc.), Glasgow University, 
1913 ; Associate of Institute of Chemistry (A.I.C.) ; lecturer in chemistry, 
West of Scotland Agricultural O'ollege; and chemist to “Glasgow and West 
of Scotland Radium Committee^' Publications: Patterson and McArthur, 
1915, T., 814-815; Berry and , McArthur, J.S.CJ., 1918, T., 1-5. 



McKisrrow; John Ahmotih, 2 , Kyimr Villas, Kidwelly, Carniai’tlieiisliire. 
Works cliemist, Cordite Section of H.M. Factory^ Pembrey, M.A., B.Sc., 
A.I.C. ; the B.Sc., professing chemistry as principal subject; the A.I„C, 
granted "for war r?ork; formerly science demonstrator in , Stowe ' College; 
Glasgow, and teacher of Science in Airdrie (1908-10), Irvine,, and :Paigl'ey 
secondary schools (1912-15). [Signed hy) Ernest Vanstone, Walter B. Moore, 
R. ' J. Hnglies, A., J. Eeigh, E. J. Amies. 

Mabies, C/HAiiLES Stfatart, Eggesford Cottage, Queen’s , Road, Aldershot. 
Assistant worlcs chenixst. Four ■ years’ ' training at University College, Read- 
ing; degree of B.Sc. (Loud.) obtained; three years as assistant works chemist 
at the tar works, S. Metropolitan Gas Co. (Signed hy) Henry Bassett,, jun., 
Henry Bassett, Gerald Druce, H. A. D. Neville, Samuel SmMes, 

Matoosw.s, KonHAN Louis, 45, Tyrwhitt Road, Brockley, London, S.E.4. 
Student of applied chemistry at City and Guilds Technical College, Finsbury. 
Being a second year' chemical student at the above College,, I am desirous 
of keeping myself acquainted with -the modern advances ■ of chemistry' a.iid 
of; being able to .attend the Society’s meetings, besides' having 'access. 'to the 
library. (Signed hy)''(x* T. ' Morgan,. 'William ' :R.''' Giist, ' Singer, 
■A., ' J.;: Hale; W. ,'H. Prince, .Charles M. Stuart. 

' Mo,o:re, Robert'' Alfred, 6, Snnbury' Avenue, ''West Jesmond, Newcastle” 
on-Tyne.' Analytical ''chemist 'employed- -.by^ Royal Society' War Committee., 
O'xford'.Senmr .Local, 1st Class Hons., 1913;'. London .Inter. B. Sc'.',' .July, 1914;' 
Armstrong College (TJniversifcy of Durham) , B.Sc., June, 1918 (with 2nd Class 
Hons, 'in 'Chemistry) ; analytie.al- chemist engaged in tar', testing, August, 191'6““-'-. 
[Signed by) P. .Philiips, Bedson,."F. '''O-. Garrett, J, ''A.'' Smythe, ■/’'Ved'eric/r A. 
Binks^ <9. Hoare Collins. 

Modntford, Albert Victor, 38, Gamblins Road, St, Martins, Christchurch, 
N.Z A' Tannery "Chemist. Formerly- student. -.of "inorganic and. organic chem- 
istry at Canterbury College, Christehurch; for four years chemist to the 
Woplston' Tanneries,' Ltd., New" ' .Zealand, em..ploying over 200„ hands'. [Signed 
,lw/) , .Thomas ,'H. ' Easter field/ Robert .English', -George Gray, "B.: C,..' Asian, 
J. S. Madaurin. 

Newton, Wfluam, Station Road, Wooiton Bassett, Wilts. Manager* of 
creamery and condensing factories. Five years studying chemistry and other 
subjects at Harris Institute, Preston, Collego of Technology, Manchester, and 
Kingston. College, qualifying for National Diploma of Agriculture and 
.Niitional Diploma of I)ah*ylng; later analyst to Tnifood, Ltd.; my occupa- 
tion is intimately connected with analytical chemistry. [Signed by) 
Jas. Grant, R. L.''''T,aylor,:.'S. , J. Peachey, F. S. Bimatt, II L. BMml 
Norburt, Dottolas, Lyndene, Lansdowno Road, West Didsbury, Manches- 
ter. Chemist to- the Greenfield Bleaching Co. Studied two sessions (1912- 
1914) at Royal Texhnical Institute, Salford ; two yearh practical textile 
analy.sis, [Signed hy) Ernest Clark, J. R. Appleyard, B. Prentice, Norman 
Cooke, William McCleary. 

■ '''.'/..'...NpEipf ':'^BouBTWold,.*'’'':Lewf^''Roa4 ''";'..'''Ah.al^-'' 

't'ieal;i^erdist:'';'( ':p.resent;;servlng';.as'';L,ieutepant,';^ '^Stmlied''';. chemistry 

at S.W. Polytechnic, Chelsea, three years (1912-1915); took London Uni- 
versity B.Sc. {1st Class Honours in Chemistry) in 1915; at Government Lab., 
London, 1915-1917 (steel analysis) ; at present working as Lieutenant, 
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uliemisky arid botarry aiid /^oology, 'Gordian College, , Ea:wal .Fiirdi B.-Se. of 
the FimJaB /Uaiversity ; a-ufcho,i:^ of ' “TaWes on ■Gliemical /.Aimlyjsi.s.'’ Past 
exporieiico'jis a teacdier ;ol physical science, at Miirree Biwaii .High {Scliool, for 
one year; xiiaiiufactiirer of inks, .boot-creams, and other important chcmi^-ais; 
two years^ to^perdence as clemonstr^^^ iu chemistry, Gordon College, Ih Pimli, 
{Signed by) Horace B. Biinniclilf, Hashmar Eai, Pnraii Singh, Slier Singh, 
RucM Bam Suhni. . 

.Pakkeb, Lesme .Hbnby, “The Chestnuts ”, Church 'Boad,f Leatherhead, 
Surrey, Research chemist; Lieut., Royal Engineers. M. A. (Cantab.), 
I),Sc.{Lond.), A.I-C.; member of the Society of Chemical Industry; elected 
to /‘Beit Heilowship for Scientific Research,’^ Sept., 1914; research at 
Imperial College of Science and Technology, 1912-14; author and joint-author 
of papers ' in 1913, 1914, .1918.; r'esearch .for .Ministry of Munitions on 

the a.iitro:gen problem, and joint-author of unpublished reports m same. 
{Signed by) 'E. B.' Baker, ''d'.: R.;- Partington.,. 'Eric ''.K Rideal,'.H., G. Green- 
W'OodjV'J. A, Harkery 

Patorson, John, 1, Rowallan 'Gardens., .Glasgow,. W. ' ' Eouncler and niattag- 
ing director, of. John : Pat'ersoh ;■ and' ''Co.,, Ltd., ..manufacturing. chemists, 
Henrietta Street, Glasgow,, E. Chemical manufactiirer and manufaeturing 
(‘hemist. {Signed by) James McGutcheun, James Macleod, Robert Maihicson, 
John GlaisUr^ GUbertJ. Alder ton ^ W, B.Sinvmons,. 

Phea'sky, WiLiorm S't.'AHLEY, B.EjG.; (no- home.,, address). Chemical adviser, 
i.l.iicl Corps. Intmv B.Scc(Lond.), B. and E, ■certifsV in chemistry, adv. iiiorg, 
and org. (theo.r, and pract.) ; physics (adv. heat, sound, light, mag., and 
eloc/ t.inathemat/ics, Stage., .VII., drawing., etc.,; three years’ works experience, 
including research on celluloid substitutes, tin residues, etc., for private 
■fimi. :'{Sigmd'd/y) ilamilton; 'Mctloinbie, G.'W. Moriier-Williatns,, J,v..,P., Ijo,ng" ' 
sfcaH’f //. Tfiigi, Art hirr IL Ling, 

Porter, Arexander Park, 157, Greenvale Road, ‘Eltham, S.E.9. Analyti- 
cal chemist, juuiia* assistant chemist (tempy.), The Directorate of Chemical 
iriapeciion, Royal Arsenal, Woolwich. Junior assistant, Messrs. Wm. Beard- 
more and Co,, Iku’khcad Forge, Glasgow^; ixssistant in Chemical Dept., The* 
West of tScotlauc! Agricultural College, BlythBW'ood Square, Glasgow; assis- 
tant chemist to Messrs, the Burmah Oil Co., Ltd,, in their refinery in 
Rangoon, Burma.; engaged In rubber analysis; rank, junior fxssistant chemist, 
(temp.), The Dii'cctorate of Chemical Inspection, Royal Arsenal, Woolwich. 
{Signed by) R. B. Pettigrew, Frank N. Harrap, Robert L. Brown, 
S, 0. Atldmofu Alex. J. Boyd» 

pEAan\ Josmi Fhancis, 77 Haxibuiy Road, Pontnewynydd, Mon. CMef* 
analytical ihemwt and test-house manager, c/o The Pontnewynydd Sheet and 
Galtaniaing Co,, Ltd. Three and a-balf years assistant to Walter Maefar- 
E.I.C., Wednesbury; three years works ohewist under P. W. Sill, 
Ikds., Patent Shaft and Axletree Co,, Ltd., Wednesbury ; three years works 
chemist, H. B. Marsden, Ltd., Peeds; six montib. present employers in 
capacity stated above. Exam, sucoesaes ; Board of Education Inor. Ohem. 
(Theo. and Pract,), Stage II,, 1911 1 metallurgy {then, and pract.), Sta^e HP. 
1911 ; Iron and Steel Manufacture, and Guilds of London Institute of 
Technology, Hons, Orade, 1912; 1st Hons. Silver Medal apd 2nd Bronze 
Medals for profidtecy in iron and steal manufacture; fuh technological 
certificate; have attended instruction in Stage III. chemistry at West Brom- 
wich and Leeds; atn desirous of keeping in touch wth latest advances of 
chemical science, {Bignei hy) Percy W. Hill, P. Lloyd Whiteley, Fteak % 
d^hompfttm, J* /L Dmm^ Qwihjm fnhatm. 
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Pu'G'a., JoHNj, 99^ Lonsdale Eoa-d Barnes^ S,‘W.lo. Managing direc- 

tor j .London Chemical Works, Ltd. Period 1911-1914: inventiont of snccess- 
fill ' chemical ' process for the manuf actiire ■ of spirmabel and paper -making 
fibre from the common stinging nettle [Urlica dioka), comprising three years’ 
research work. Period 1915 to date : responsible for design and installation of 
successful plant for the manufacture of B.P. salicylic acid and B.P. sodium 
salicylates and other derimtives on a large scale. {Signed hi/) Charles Alex. 
Hill, G. F. Cross, Francis H. Carr, F. A. E\ Taylor^ Edward Bevan, 
PuiWES, George Thomson, A.M.Inst;O.E., “ Thirlestone/V Chryston, 
nr. Glasgow. Manager of by-product coking plant. GMef assistant, public 
analytical laboratory {two years); works chemist (three years); assistant 
manager and chemist, gas works (seven years) ; manager, by-product coking 
plant (six years). Papers: “Application of Coke Oven Practice to Gas 
Works/’ “Fractional Collection of Crude Tar/’ “Extraction of Tar Fog 
from 'Plot Gas/’' “O'n' Benzol and ■ iVmmonia ■ Production in , .Coal 'Carbonisa- 
tion.” {Signed by) Cx. Q, Henderson, Cecil H. Desch, Thomas Gray, James 
Macleod, R./',T.-Tliom,son. 

: Ridoe, Budeex., '7,. College Place, Brighton, Sussex. Student of analytical 
chemistry. Intermediate B. Sc. (Lohd.) ; preparing for B. Sc. Final (probably 
honours in chemistry). {Signed by) K. G. Laiwala, M. C. Clutter buck, 
W. H. Gibson, WiUimm J ago ^ F. H* Simmons. 

Bobertshaw, ■ . George ' Frederick, ■, “■ Mornay,”'- Kearsley Boad, Hr'.:' • Crump-., 
sail, Manchester. Works chemist (head of leather specialities department). 
Chief chemist to oil department, Levinstein, Ltd. ; Associate of the Municipal 
College of Technology (Chemistry and ChemicaP Technology Diploma) ; City 
and Guilds silver and bronze medallist, bleaching and dyeing, respectively; 
member of Soc. of Chemical Industry. {Signed by) Herbert Levinstein, 
Arthur G. Green, Trevor 0. Morgan, Robert Barton, Frederic Robinson, 

" Jas. A. , Eus.seli Henderson, Thomas- Callan. .' 

Ptowi, Febderick Maurice, 6, Woodbine Terrace, Latchford, nr. Warring- 
ton. .Research chemist and lecturer. 'B. Sc. (Leeds)., 1st Class- .Hons, in '"colour '' 
chemistry; diploma in dyeing (Leeds); Leblanc medallist, 1911; 
M. Sc. (Leeds), 1912; research fellow (Leeds), 1912-15; research chemist, 
Messrs. , Jos. Cfoafield and ' Sons, -Ltd., ■ 1913-16 ; for- , the past two years 
research '.assistant to Prof.'. A. .'-G. Green .in- the Dyestuffs Research Labora- 
tory, -College ' of 'Technology, Manchester, and lecturer *n dyestuffs in the 
TJmversity of Manchester. Publications: “The Alkaline Condensations of 
Nitrohydrazo-compounds. Part II., ” Tram.^ iOl, 2003; Part III., Trans. j 
101, 2443; “Quinonoid Saits of t^-Nitroamines and their Conversion into 
Oxadiazole Oxides,” Trans.^ 101, 2452; “Quinonoid Salts of Nitroanilines/’ 
Tram.f 102, 508; “Constitution of Oxadiazole Oxides,” Trans. , 102, 897; 
“Conversion of u-Nitroamines into Oxadiazole Oxides,” 102, 2023; 

“ Conversion of o-Nitroamines into isoOxadiazole Oxides and of o-Nitroso- 
amines mto wOxadiazoles,*’ Trans., Ill, 612; Nitro-derivatives of mOxadi- 
azole Oxides and of isoOxadiazoles/’ T tans, y 11%^ 67; “ The Chemistry of the 
Sulphide DyestuiBfs/’ J. Soc. Dyers and Ool., 35, 9. {Signed by) Arthur G. 
Green, A. G, Perkin, J» B* Cohen, H. M. Dawson, S. J. Peachey. 

Salmon, Walter, 17, The Grove, Decks, nr. Manchester. Analytical 
chemist. In charge of organic laboratory for the past seven years, both 
analytical and manufacturing (food products). {Signed by) Robert Petti- 
grew, James Porter Bhenton, Henry Garnett, WilUmn E^immso^: 'A. F’* 

^ Avenue,, ' -Weaste, , 'M-ahehester.; 



Glieniist .at the Henry Wells Oil Co,,' Bloom .Street, Salford, Maiicfiester. 
.Student, of pure and applied' chemistry at the.Boyal Xecimical Institute, 
Salford, 1909-1914; assistant chemist to the ' Henry Wells Oil Company' for 
two years; chief chemist to the Henry Wells Oil Company at present and 
for the last two and a-half years. {Signed by) Eiaiest Clark, J. E, Apple- 
yard, B. Prentice, A. Potter, Vernon Edge, 

SiBBALD, William Eamsay, 6, Manor Koad, Hoylake, Cheshire, Works 
research and experimental chemist (vegetable oils, oil-seeds, and by-products)< 
OPlH'ee years student and assistant with Messrs. B. B. Tatlock and Thompsow 
(Glasgow) ; fifteen years works chemist, etc., with Messrs. B. Silcock and 
Sons, Liverpool; London Intermediate B.Sc. examination (chemistry, botany 
geology, mathematics); lecturer in building science (January, 1918) (chemistry 
and physics), Liverpool Central Technical School. {Signed by) Cecil Eevis, 
George Tate, Thomas J. Boberts, Arthur A, Dallmun^ Alfred Smetham. 

SiNKiNSON, Eric, 14a, Albert Bridge Boad, S.W.ll. Demonstrator in 
lihemical technology at the Imperial College of Science and Technology, 
South Bensington. Pour years student in Chemical Dept., University of 
Sheffield ; one year private assistant to Prof. L. T. O'Shea (.Sheffield Uni- 
versity) ; one year demonstrator in non-ferrous metallurgy under Prof. J. 0. 
Arnold, P.B.S. ; fifteen months on staff of A. H. Allen and Partners, 
Sheffield, as assistant analyst; since January, 1914, to px'esent time demom 
stmtor in teclinical analysis at the Imperial College of Science and Tech- 
nology; hold diploma of membership of Imperial College (D.I.G.). {Signed 
by) William A. Bone, Janies C. Philip, H. B, Baker, P. W. Bobertson, 

H. :' B.' Harwood, ' A.: T. .King. 

Smith, George, M. Sc., 33, Queen Street, Gt. Harwood, Lancs. Second class 
mechanic, B,N. (engaged on chemical work). Three years student in 
Honours School of Ghemistry, Manchester University ; B. Sc., 1916; research 
student on war-work, 1916-17; member of coal-tar staff, M, of M., 1917-18. 
{Sigiied by) Harold B. Dixon, Arthur Lap worth, F. P. Burt, J. E. Myers, 
Colin Canipben,'"W.,.K.; Slater. 

Southron, Thomas William, 32, Casselden Boad, Harlesden, London^ 
N^W.IO. , . (Present) Lieut, .and inspecting, ordnance officer, (ammunition. :and 
explosives). A, O.D. ; (civil) responsible master, Wild Street Junior Technical 
and Commercial, L.G.C. Institute, Kingsway, W*C. Student : Fairfield 
Road Science School, Bristol, 1898-1900; Clifton Laboratory, Bristol (under 
Dr. E, H, Cook), H900-1908; University College, Bristol, 1905-07; 

I. nter. and ' Degree, cour'ses ■ in chemistry, physics,; : mathematics (under Dr. 
..Travers for chemistry).. CeHificates of ..Board, .of '.Education., in prac. and^ 
theoretical .inorganic and, orgaaiic chemistry, ■.sound, , light,: and heat, magnet- 
ism and electricity, mechanics (solids and fiuids), matheiriatics j trained certi- 
ficated teacher (Board of Education). Reason for desiring admission to 
Society ‘. .interest' in .chemistry, and '.to -secure ''faqi,lities;for 'beco'ming acquainted 
with discussions and research. {Signed by) W. B. Hodgkinsoii, das. H. 
Haynes, G. M. Norman, L. Melville Clark, B. F, Wood Smith. 

Stopforb, Thomas Rinck, jm, *‘Woodbank,” Macclesfield. Manager, 
Harrington Bono and Chemical Works, Macclesfield. Honours B.Sc. in 
chemistry (Manchester), 1912; M.Sc., 1913; A.I.C., 1917. {Signed by) 
Harold B. Dixon, Arthur Lapworth, F. P. Burt, W. K. Slater, Colin 

Camp,belL '' ^.^■i"'. " v v 

Tavroges, Joseph, 36, Grafton.':. ..Street,' Mile End Boad, London, E. 1. 

' ' Works and' research chemist to the British Drug Houses, ^ Ltd.. Inter B.Sc. 
(I'juiidoii), 1915, IJruveraity ExMbithm (Science), 1916; University scholarship 
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(Qhemkiry)., 1917. Final 'B/Bc. Houi^. Uhwiiiwlvy, Isl AL irnniwA 

iviieiiiisl to tlu) }\v\iiiih Drup; H(n;iseB, 'Lid.' Beiu'p$ ' also doBianw to iu.' 

toiicli with iiiodei'ii chemical thought. {Shjned hy) i\ C» B. TliortiC) l::l. V. A/ 

JkiHcoe, Frank G'. Pope, €harles A, Keane,. 7/Wif/ , 

1?OMniNsoK,' W illiam H:EHB’^,'Law Street Tnnipike, Waterf(,K>t, .near , Mail.- „ 
Chester. ' lieutenant, Inspecting Ordnaiice . ■O.fficer, ' Army ()tdn;a,nct:% .lJepa.rti 
meiit. B.Sc., 1911, VictorialUniversity (Chemistry '' iiikI IMiysics)..; Pllligio,"' 
science master, St., David’s County .School; 1913-1915, 'scle,i:,ice ma-ster,. 
Beverley Granirnar School. {Signed by) John Horsfall, W. H. Teiriplemau, 
,W. R. Hodgkinson, E. H. Holden, O. M. Norman, D. M',elvi,nc Clark. 

To^vsb, , Walteb, A.I.C., Woodland' " Villa, Glastonbury. ' . Leather trades 
chemist, 1891-6, scientific training, Leeds University ; 1895, hon. assistant to 
Professor Procter, D.Sc., F.I.C. Contribution to Society Chemical Indnstry 
01.1 “Indian Salt Earths,” or “Hide CLiresi* 'Double silver mednliist in 
leather manufacture in City and Guilds London Institute exarninations, 
1896 and 1896. Sixteen years head chemist to Elswickdjeather Works, New- 
cawtle-on-’i’yiie. Chemist to Mosers. Clark, Son and Morlau'd, Giastonbury, ' 
since 1917, and Messrs. C. and J. Clark, Ltd., Street (Som.). {Signed by) 
Henry E. Procter, Arthur Smithclls, Ji B. Cohen, P. Pliillipe ].Sedson, J‘. 9'. 
.Dun, 11 . ' ' ' ' ' 

Trvhoiin, FmnnsiucK Geeald, 46, Hallvillo Eoad, Mossley Hill, Ltvorpgok 
Eesoarcli chemist. B.Sc. 1st Division, 1st Class Hons. Chemistry, 1914, 
Univei’sity of .Liverpool. M.iSc. for I'esoarch, 1915. Antalyst on staff of 
.Deputy Inspector High Explosives, Liverpool area, 1916 -17. Assistant chemist, 
Govcnimcnt Rolling Mills, Bouthanipton, 1917. At present Hydrogen Onicor, 
Pembroke Air Station, Elected to A.LC., 1918. P'obii cations : contributions 
to scientific journals. {Signed by) E. 0. 0, Baly, Robert Robinson, 
VV. G. McC. Lewis, F. <J. Guthrie, H. H Froyseir. 

WiCfiB, Henrv iVlAum-iALL, 63, .Lancaster Gate, W. ‘d. Lend., A.I.C. 

PrufiMsioimi education at King’s College, London. Am desirous of being 
elected' to tho Ghemical Society m that t may have the -use of the JAbrary 
and receive the Journals. {Signed by) John AL Thomson, Herbert JacktiOM, 
Patrick H. Kirkaldy,- Henry L. h'rnith, Leonard E. Hinkol. 

Wkston, Percy William, 59, Grafton fciltreot, Manchester, tS.IL Priiprieinr 
and chemist of the iliBincrusiaut MarHeihais C<;ir I was articled pupil or 
afiprentice to Mr. J. H, Lester, ALSe., mid have worked on oth and 

fats under Ain Hurst, F.U.bi. I was employed as chemist by tho 
iiicrustant Marseillais Co., Manchester, from 1905 to 1914,- when 1 bedrum 
proprietor. I deaire -to join the Uheimoal fe^oiety in order to kw)|) up datii 
ill the chemistry of water as used for commercial pur|>ose8, with* speciftl 
reference to incrustatioUj in addition to keeping in touch with the progrtvin 
of, and new discoveries in, the chemical world. {Signed by) Harry Britidlv, 
(Jimriea Turrfer, B, G. Hough, IF. Smith, 1*1, J, \Viimn, 

Whitk, GiiRALB Noel, 15, West End Avenue, Pinner, Middh'sex. . Rivsearcb 
chemist. Bachelor of Science, 2nd Class Honours, 3913. Associate of Insti- 
tute of Chemistry, 1918. Tnfnell Sehokr 1912-14. Senior demonstrator at 
Uaiiversity College, Lofidon,, in organic and inorganic chemistry, 1912-15; 
assistant, 1914-46. Ch^nist in Ministry of Munitions of War Department of 
iKplosives 'Siapply, 1916**17. Mnnitions inventions Researoh Laboratories, 
IQIY-IS. {Bign^ bp) d* E. Fartington, L. J. Hudleston, Samuel Smiiei, 
W. -B, Tuck, Henry Terrey. 

-W«Ti«MJ>, Bidmw 92y Bristol SH'eat, Birmingham. Oliomkt 

md ''ongliww wieting 4eehnkiid ►aiWaer, Gag BecUon, Dept, of Explosives 



Indian^Agricultural Research Instftute ^Pusa) 

LIBRARY, NEW DELHI-110012 

This book can be issued on or before 




